THE 
INTEIINATIONAL ScrKNTiFic SERIES. 

VOL. LV1I, 



Mli'HMllKS. I-'KIIMKXT.S 



MOTIFS 



It 

:, i, Tuoi;KHHiArtt 



(>(* 



PREFACE. 



number of work* which treat of microbes i$ 
4n&dy eoftHktarablo, but th&y have aU been written 
br a Hpociat public of physician*? or mturaltete, and 
oi|>ly that iho roudcsr ia familiar with the ideas 
Jrea<ly ewtabliHhod on pathology or o& 



; Although tlto wcbsmnj of tnierobm Sa of 
rigin, it h;iH muyio tintac.rmo progrusn in the course of 
It iw, morwv^ eguerttiaH 
H 1* <iw{ttg to I*a^ur 
w01! an to his solid goniuw, aideil by 
ith ^ttil mvttfy of his disciples, that this 

abb to uvarcorno the {msjudicoB of agos^ ajad 
into tho very heart of th^eaciont theory 
, go m to toimform and regenerate it - 
now yp<;akB of microbes, yet fyw of tho^ 
to utHkB use of the term have any cle&r 
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minute living things havo at all times boon at a loss 
to decide whether they have had to do with animals 
or plants. There can be no such doubt whm we com- 
pare a tree of which the roots are fastened in the woil 
with a quadruped which moves freely on itw surface. 
But these are highly developed form.s, the one in the 
vegetable, the other in the animal kingdom. Tin* 
lower representatives of tho two kingdoms are, on 
the other hand, often so much aliko as to baffle the 
most experienced naturalist. Tins animals which an* 
assigned to the order of Zoophyla, or amuml-plnnts, 
have, as the name indicates, a form vvhirth ]<*d tliPin to 
bo for along wliilo regarded as plants ; many of them 
arc fastened to the bottom of the H(ta <^r tt nu*kH UH if 
by actual rootB,and, whon superficially examined, tbcir 
movomonte do not differ much from thoMo wbidi may 
be produced in true plants, as, for inHtanca, in iho 
mimona. 

Many of tbo lower plnntn, belonging to thu 
of Alga) and Fungi, Uvc in tho watiir without b 
fixed by rootB; many arc animated by more or 
apparent motion, at any rato during part of Umir 
exifttonco, so that it in often HOtnowbafc difficult tx> din- 
tinguiBh thorn under tho microncopo from tlumo Imirt^ 
which are generally called Infu^fl^ and which am 
true animala. 

Hence it follows tbat tba boundary botwom iiio 
animal and vegetable kingdom** remitinH Iridwfinifcf?^ 

that many of those mieroacopio organism* wfaioh 
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\ve have now to consider, may be assigned indifferently 
to one or the other kingdom. 

Dory de Saint- Vincent, a naturalist belonging to 
the early part of the century, and after him Hssckol, 
have attempted to evade this difficulty by creating 
lLit\veen the animal and vegetable kingdoms an inter- 
mediate kingdom, which they have named Protista, 
indicating thereby that it includes the firab animals 
which in the geological ages appeared on the earth's 
Miir/ace, This kingdom of Protista includes the fol- 
lowing groups, starting from the simplest and going 
on to those which arc more complex: 

*1. Mfinera (or Microbe, wtriclly so euUud; SohiaoiuycetGs, 
l<;riu., ViliriimoH, dc-), 

2. Amorphruitf JUhizi)|K) 

3. (iruKuriiilil 

4. Kltttfullttlu, 
, r ). Oatulluet,a. 
0*. 

7. 
& 
9. 



12. Thaltunophora (Fnramiitifora or Tlliizoporla with a calcarDons 

ekobton). 
IB. Kadiolurta (or Bliizopoda with a ailicioua skelctoii). , , 

The groups marked with an asterisk ar$ thos$ 
which w<* propose to study in this work. For th^ 
most part, tho organisms assigned to them i^semble 
plants in their general charactera They $v& parasites 
which derive tKeir xiutrimenfc from otto living Ibemgs. 

For this reason, many of these organisms are the 

, i , *^ i,i 
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cause of the more, or lews serious diseases whieh a He 
animals or plants, Natural ints who regard the-i? pur, 
mtciB as animnln have termed them JV/Y/'<i:*w'/vf (fro 
two Greek words Mi#nifyin# Hiiiall aninuil^, Tim 
who regard thorn an plants hnvu called them jl/rfVj*. 
y/(f ( y^ (nmall plants), and it in still dUputnl whii 
term is thc most applicable tr> UH-III. In oih**r wonl 
it is Hlill imili'cMiid whfthi'r thoy whuuld l>o clusMwl i 
the animal or vrjjftttabl** kiti^iloui. 

It \vaH at th' Paris Academy nf the SeienreM, < 
tho 11th of March, 1878, thai Selillol tnuk prirt in (r 
of Uw probably intmninaMn tiistM^sioiM Kei,\ve**n tli 
julvcfjiteH of the Microxoaria anil tha*ie nf the Mii-r* 
phyta, and he HU^e^tctd, with the eritiral wn^' 1* 
\vhich ho wits lijitiii^nish*w! f the vvurd mirroU^ 1 
whieh it appeared to him that uv?ry ii wouKI yh 
their HH(*nt, 

Jn fart, tlm word microhe, uhirh only Miffnillen 
Htaall living hein^f, tleeidew nothing n^ iu thi* ^tiiitij 
or vegetable, nature of flut I>eln^ in ipM-slma* It. h; 
l)een adopted by I'usieur, *Hid npprn\**d by |*ittr 
whoso competence tcMlecitU' on ne<|i^i.>mi< \A ^rtiemli 
admitttul ; it lm* teen in cni(ittk*n it ** in K 
tho lant foni* or (ive yeans w'l *fty tKIU '* M 
as (Utlitiitivi*ty adopte,t| into (\w French ht 

Tliin word ha* not yt*t IH**U fully intMlHml mi 



rr irt'.tmw \vhicli frhiilt fn*iii fit* Ir ^tu! 
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Knjjflnli and Herman lanyna^'H. In order to in- 
ti* th' nr^imKWH which produce dlsiwra, they 
use of tin, 1 word /^/f/r/'m, which IH only the 
of (in** of llui peculiar spmt>s a>s.sip;nud to tlu 
, and tin* ours with which we liavo born longest 
I t-hirt ca's th uaiuo in guncruliKcd and 
ii|i|)lifMl to an entire yninp. 

Thu llaliuii authors who liavo boon recently occu- 
pied with tli(j Htudy of inictrobctH JIAVC on their jmit 
atlopt?d thrt iiaino J^wf/Wr/, propomnl by Htecfkcl, And 
of which tJu3 wmno! althtnigh not the otyinology, iw 
almost th<t Hamo JIH that of tho word mien/be. 

Jn ti*ply t^> tlto (|tu;Hti(n whethitr thoro in any real 
ttdvmitajju in ^KtnMisliin^ an int^rmi'diato km^dotu 
of Proii,sta lntwH*n tho two or^niic kin^domn of 
,hd jtlaitts, wt% mtiMf* aiiNW^i* in thn ni^ativc. 
third or^ttnu*, kinploin only WTVI'H to r^ndi*r 
this htntcltir^ of our modern <*IamHitleaUon inoru com* 
plt>x, ; and it uu'luduH, an may U Hfioti from ths tint 
tfivHii alx^vt*, a col lection of vwry hoU^ri 
which it would io itiori' nitupk? to l* v avo in ono or 
kingdom* Wt* ftliotild, in our opinion, 
mr eloHr4y to Njkttint f M plan by o 
two groafe kingdom**; t)m orjjatiio kh#dow, 

plnnin mid animal*; and tht) inf^rgntttc 
of minimi*. Tim orgitini kin^tom nhould thon 
tiivld^d hitt> two Mub-kingdiJius, anmmls and 
of wliteb , ni)enU k # w imA*^ af wlmfcw^r 
tluy mriy ho cailctt, nhould fonu tho eoanuctiny 
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link, and testify to the common origin of the two 
great organic kingdoms. 

However this may bt>, wo shall mnlre itso of tin* 
word "microbo" as the general designation of all 
the minute organized beings which arc found on tin* 
"borderland between animals and plants. W< .shall 
presently show that in tho majority of cases these 
beings may be regarded as trim plants, mid thin in at 
present generally admitted by wont naturalist.-*. 

JfWfl jdttycd It/ MiwolH'H 'in, fitthn't 1 .-- -Tho part 
played by microbes in nature* is an important one, 
We ihid tlmm everywhere* ; every species of plant h*H 
its special parasites, and this i also the ease, with our 
cultivated plants with tho vine, for example, which in 
attacked by more than a hundred different kimta. 
ThoHo microAcopie ftm#i havo tlunr nm in thu 
economy of nature; they are nourinhed at the i 
of organic substances when in a state of 
tionj and roduoo their (tomplt*x constituents hit*} 
whioh aro Hiinpl( i r into thn soluble miuerul 
which return to thcs w>iJ from which the 
derived, and thus servo afresh for the, nourinltuient of 
similar plants, In thin way they e,Ie?n* the, Mirfrnfi nf 
tlio oarth from dead bodies and liwil nuitier; from all 
the tlnad anil iwolcHH HulwtanciH wlimli nn^ the r*fuNo 
of life, ami thus they unite Anininls and plants in nit 
onillcwH chain, All our fermented liq*iu% VVIIM*, J*ee\ 
vim^ar, (tc. ar artificially produced by tin* 
Of microbes called frr*"**- ;,<; they aUo raitnn 
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to risr, aiifl from this jint of vir\v th'y ar" jm>- 

In industry anl <'oiimn*r<r, 

Hut In addition f< th< u -*> useful iii"'r."s fhnv ju^ 
ers which ant injurious iu ui, whil" ihi-y fuhil 
i jli 4 VMolo^'n*nl flr^tiny marked nni fur f1i<iiii hy 
Hucih urn Hi* 1 niMrolrs whirli j^r.vdiic** *ti^ 
's hi w!m; fjiuhl, of Hi*' rhrUi^j-,* in ;JJn**n^vry MM! 

y, n lar f / 



sulyccafc- This P*IHM ofth*--*' ili^v^v^^ whi*'li wn* in)y 
or M*,wU of tJi*'SD ii**ro1r^, float in tin* ttir 
tK it ml in Hit 1 wat^r wr *1riak f nml 
inio tli^- Ulterior of our horlift^ 
IlVww wi WIM* tint ttnjiortaiKHt of 
with ihtw !a'u'roli*H. TlnOr whal 



of hy;/h*in*, aiifl, Hili i rf| T wi* mtiy *ny \}^i if. 
w all* \vhh'V*ir our j>roft#*wiiiii or HU^JIA) p*^iti**ri 
may br% mni*o th-r^ is tiot u /tiri^lit *lay + rivr J* ^iii;*!* 1 
instant^ of our ttvi%s in whirh H? itmmot !' Mnl 
fcn coaiH in ^outwit wiih tiirToU,a Tfi^y .^s iii 
fkft, tho iuvinililn fi^fttitf of Hfo ani flr;ll) 4 )*<( fhi- 
will it(|n^r nior* |4uitt!y from tb** 
nrft ubont 1^> uiuk^ of tlw iijiiv, ii 
tlmm, 

Hin<?^ it in c^iwli^r to know atu) j}wrrvi* )Mf}ti|pi wliitjh 
an* viHiUki tc> ibo ttakiMi h yi, w* 

H f tiw li&jptf ititefiiU^ wit}* 
wt nn* also In^t 
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We will then go on to the study of the more imnutf* 
ferments; and finally to that of bacteria (*SW/ /:>/;////// 
or Sukizomyceteu), which arc, strictly Hpcakin^, mi 
crobes, and which only become visible with the aid ot 
the microscope. 



CHAPTER L 

PAIUHITIO Ft'XOI AM> Mnf' 
I GKNKfUT* ItfftffAJlKM ON 

K VICHY ono IB aw]unmtf>rt will* th*i (Mil iml fon^l 
tnushrootnM, two vnrifiif'N nf onn an*l tin* *'?IIHM ,*j^^i^4. 
wllil or cultivnird, ami ofti'ii w^rtt ai tnfl** If. 5** l*v 
^'inrnlly knuwu Mint tlw inilil* *H nl^ a f')iu%nw; 
and thai Us<* Int^i H*..v of fun^i indti<('^ uHtiMri unr! 
initny parasit<^4 whi^li ,n* innr( or IITKS i 
which iivn at th*t I'Xf^nHn irf* wil'l an4 
phuitn^amt attnok nnttimiH mill i*U*> Ut?*! huttati * 

Fungi am among tho !tm*jr plant % an*I <lillVr 
highur onlum in th^ir tnuiio of Hfin tt IN wull ki 
fJtafe tht> largo majority of phuil* uro o 
by almorhiiig tho itiinwnU w*ilN which, in a t*t of 
thiur ttH^tH dorivti trH Utn ^41* b>ifc 



iho otrljoa which, *w 

Into th0 (KiitiiKmitUin of all ttortf tteu^ mt ' 
furbh purii <xygt;u ia tlit* air. 
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This function is nut, an it was formerly erroneously 
supposed, a respiration in the inverse form from that 
of animak All plants without exception breathe 
like animals by absorbing oxygon. The Jisiimilntion 
of carbon is a trno nutrition, ami as the decomposition 
of the carbonic acid gas which results frrm thin assi- 
milation sots froe a much larger quantity of oxygen 
than the plant ivijiiims fnr itself, it was for a long 
\vhilt) belioved that plants really breathed the on- 
bouio acn<l ^a of tliii air, in Liu; inverse ru'fh'nl t*i 
that of animals, 




jti 1 -~ AtiarlrM lt\ dlfl^ivnt *ttt^''ti ^f rH ! * |irr.kii nf ; 3, *i y t* r? it , r i i * '- 
tin* tutumtlori ol'tiu* lii'iul, 'lln- IJV| ( |M ftt inn ui r \n Umi -u- (. -, t n iv i A 
juirt of t,lu' 



Tlio asHimilation of cnrlum i.s eflerted ly tin* le\i ", 
and greon partn of pluuts; (he, ^rc^'n, ;;nuiul;ir Mil 
Nhince tcnuod chlorophyll, wiiicth solely p\*i fl m 
this coltxtr, AH maybe, shown by Hi** mirrH*i'M|^Mit**l 
whi^i alone Hiibttm<;H thiM i'unetitm if nutrition. 
Fungi, howdvor, have no ]i>;tvf*s nor otli^i 1 ^W'MII j*art^ ; 
that in, they Jiavo no rltlornphyl. Thi-y i|*riv* tb*,t 
which they ctontuin, as well HH nil lh M|* 
by whicli tlwy nro iii/urtHhtl t tiiht-r 



FrMii AND sinrns. 11 

plants, or from animals ntnl fmm tin* onj*m 
suhntanms which an 1 iWHinpo^injr in tin* Mil, *n**h 
as UunjLf nl ihwl luulir'x So th;it if iiuy I"' VH*I 
of funyi, that th> i y MH!MM liki* nniiHaJx l*y l*'V<nt'irt* 
plants or oth'T sininwl.- ; not likn S/irJi' r j!;'ii1" t \vlurh 
tlrrivo tln'ir nutrinirnt, frrmt t]j i snil cr tin 1 air, i*l 
own nothing I.** othr living l'in^,, 

It in fnr tliif* rrasou (listi MIUI iPtnr?Ji,*f^ ]avf 
r^anlod fun^i as uninuiU nu*l huvn <ln>^*l il-iu in 
iliis animal kin^ilom, \Vt have SH-U tlmt Ilnnrk*-! 
unl fcluj uaturnli,4H of hi ncthool h;u'*s Aisi^^ 4 ^l i)iw 
t(; Uiti ktugtloiu cif Piirfiitttit lint wtliij-f HMIJ*I iln ir 
mode of nutrition, which i* Iik^wi>** fiiuntl in )*iAfil> nf 
it lii^lu*r orfjnnixatioii, snirh M tlr ^ro/o'<?M7nrr ;uini 
of thu Oivlfhlta'ttt, iunt-i t*lly I'shihH ;^11 th**. 
of plauf i nl IH Mifh u >ha!l h* i * fi 
hidcr thnn, nlilmn;.-!! tht,-y aru jilaiit^ *f a j*TMtir*r 
a tu I very low t;Vp. 

Tin" <'JKs of fiwjji riuiy I* <l**flf"l ly ^nyln^ 
they UIHS plants <li*tiMol' .Hl*i, I*^VIN, ail HM<I**; 
th*y eonwiht nily f t 1 *'!!* in juKtnpo^itiMi4 f 4U*vi/nl uf 
chlorophyh Ili^y ju^vi'i' U*nr a tm> llo^vnr, iiuil fi* 
i hy invnn.H of vrvy luiiHi 
of a Kindle rvll, whUrti i 



In fungi of tin* hixiif^t tyjH%HMli n^ Uint 
known an thti <tlih)v nuul)rofiii y thu jrt 
<<ut nml ("all tht) urts!>ii*lht jvpivnimii thi* 
flurwl (Mitdutietu of uther piant^ UJH! fa in 
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the support or covering of the spores, which aro fixivl 
on the radiating lamelljo that may b WITH on in* 
verting the -umbrella (Figw. 2 and 8), Thin imtlttvlla 
or floral peduncle is the only part of thu plant which 
appears above tho soil, or the organic substances <m 
which the fungus grows. 

But the really essential part of the plant i,s that 



It ^Kltft *if f/jr* U/W* > l'* r ''f4, 
,, Mill I" ^hlitf *U tlf- I 




(ffmiri 
ol th* uinlMcltn of 

, 6 t Hpim-H Of till* 

(hllghtly 



which ^lo(JH not appear n Ui Hurfn<; imttM<ly t tin* 
wlutt* filamontn or Injiftw which <'nip ?tlt^t*4 UM t/I, 
thomauuro, or whatnvrrHUpplh'H tlw mitnUvi^ iimtti*!*, 
and which reprint at <>nr( k t.lt^ roif t tin* Ht'tu HIM! Urn 
branches of the plant ; this part w trniu^i th*' wi/y 
We Hhall proHontly *we that many *f tin* !o*w 
are without the organ W4lmv*^,all<l fhi* fiiulrf*llci,inti 
which bataniHtN tenw tho liyntriihiin r >rj{initif fit 
ooniKHjtitnitiy <*niiHbt only of la 
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In this cane, tlin Npoivw or SIMM!* an,t il*'Vi*Iuj*,J in d,i 

of tin* wyri'Iiuw itself. 

Th'iH latter iiui'Ii* of ivpr'Hliictifn also oorur- ii* lh * 
liur finitfi, which thcivfoiv jnnvo*M two uwl* ;+ *J 
if'lion an*l two kiijfls uf .*|Mrr>: <^\n^rtiMn* 
which an* <*xtTn*il)v l-vr!MjiiMl, ;^ \\t> <^^ i>?) 
hynuMiitun fl'"!^, 1*;; iitil ri)ln:, t .'i^r,m or iut'-iiul 
wltirh nn* dfVi'lojrt*'! iti 

Ki^. 4), Thw> ^/" ^, 

not (inly iliUrr in (lit* 
Hitu of tlu-ir oriyhi, but !HO in 
thttir form, m/A ^tniHuro, uiul 
In tho oml thy fnllil in Hi- 
n*pro<huftion of th^ fun^tis, 
Th^n* HIV, in nuniy WIMIN .scvcr.il ;" t ' ,, , ^ - '^,;^;, 

forms f t'M*;fiiMtis ,sponv. **" 

< M I *.'"! ,/' 

ffj, ', in . .- 



Tho nutlllff nf t.h* hpniVh, lUi't 

tlm very vnrirrl IMM*!I of n'priiiltiHion, liv 

i,ation of fiu*;>i in n 
of H'liM^h wi n^"l only ri**/ thr i 
and thonr \vhirh filially roni-'^nj MIII* 

point of vl*iv, Such iui* 



*), Tin* 



K*u*h of ttu^Hf gnmiw N 

or fttmilii^, J*Vnitf*otf mid- 
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microbes, properly so called, arc still often assigned to 
the class of fungi. We shall speak of them separately, 
and give our reasons for distinguishing them from 
true fungi 

Uymcnomycefes are the fungi which possess the 
hymenium or umbrella; all the edible species aie 
included in tlm class, together with a groat number 
of extremely poisonous species. They are generally 
of considerable sizo, and only a few among them are 
true parasites; they do not, therefore, enter into the 
plan of this work, and, in spite of the interest they 
proNtmt, wo shall content ourselves with the brief 
notice of them wo have just given. The other groups 
must, however, detain us longer. 



IL THE BASIDIOMYCETES : TTRTOTNMB, THE RUST OF 
WHEAT 



The namo of coreal rrwrf is given to a parasitic 
affection caused by a minute microscopic fungus which 
is developed on the leaves of wild and cultivated 
grasses. This rust appears in the form of orange 
patches, which gradually spread over tho blades of 
wheat and other grasps, and its common name ia 
duo to this colour, Many of the plants belonging 
to other families are attacked by analogous parasites, 
and theno fungi are all assign ed by naturalists to 
the genus ZTratfo, and to the family of the 
r Uredinew. 
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Basidiomycetes have no endogenous spores, but 
they may have as many as four forms of exogenous 
spores. This is the case with the rust of wheat, 
termed by naturalists Uredo or Puctinw graminis, 
which appears in tho spring on the blades of this 
plant. The patches of rust are covered with a fine 
dust, which, under the microscope, is seen to consist 
of small elongated bodies of a reddish brown, resting 
on a filament; these are the first 
spores of the fungus, and are 
termed uredospores (Fig. 5). If 
they are scattered over a blade 
of wheat which was previously 
healthy, they germinate by means 
of a hypha of mycelium, which' 
penetrates the leaf and develops 
a fresh patch of rust. In harvest- 
time the patches are of a darker, 
almost black shade, owing to the 
development of a second kind of ^S^ES^ 

mi i T from a blade of wheat, and 

spore. Inese are pear-shaped, displaying several wtfo- 

-i . i i . i >,i -.. *pom and one tekutospore 

divided in two, with an enveloping (much magnified), 
membrane of considerable thickness; they are called 
teleutospores (Fig. 5). 

Teleutospores cannot germinate on a haaltty H&iio 
of wheat, and consequently do not communicate nist. 
They may remain through the winter on thatch 
or wheat straw, awaiting the ensuing spring, and 
even thea they cannot be developed upon a blade 
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of wheat, but only upon the leaven of another plnnt, 
the barberry. 

Borne by the, clew or by a drop of rain mi to ilw 
young leaven of the barlmrry, the ti k l*MitiNji>vrs j.'i'nui- 
nate, and farm reddlsh-bru\vn piit(*h<s vvhieh afltpt 
both ide,s of the leaf. On its lower *rfwi' flu* 
Hporcs are smaller, and are, termed ,*/wr/,m/r( ; thfir 
function JK not thoroughly undert."iHl. Tin* hir'4' r 
spores on the npjior surface* art* crtllnl innl'twinn*** 

, 0), and with these we are more 




thoy arc (h j Htincd to return t* the wh<al, rye, nr other 
gi aHH, in order to re]tri)<lti<*u tho ori^iiuil rti^t. 

When they are |>l?we<l on a blnde of oiiv or 
other of thune gwwwrt, tin* 
once, and it in noon eovr^ul with pAta)ni n^ot 
thowo of the proee<llti}( yt^ar; \vh(*ti theHtt fNitrl 
numoroufl, they dry up thft blarlc and ibmtrr^y 

Hay and Bttaw attested by mwt nhoniltt 
given to aniniaJw food, ninan nuch food uiay 
dlscaso. 

Thus it appears that 
titte phenomenon of alternation <^f g<jaurfttiimf j that 
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ilwlopnvnt tf H ^ ftm^" 4 ^ r ' n '>* 
by its trmsft'ivuiv trow oni* jJ;nt tu lUiutJo-r. 
phenomenon may b<< IV rpj"i^!y ob^'n^'ij in s 
and vi*HtilJ iwn)M*<'\ ?u*l it fiv-w* i* I*,? l^ 
in onlwr to wrnn 1 tin 1 jMV*.<TVHii'*n **)* t' (1 
priaiftniif it to ^w '*** * v; 
ir whiirh I IH !r\s 1joi h nt M/^Htf. nt -HJli- 
yi*ar; !irh in tli,*rHM* with th* l-rtiU 
which Is ik'Vi'lojtt'il in ^sirly H],in)i^ t %vl*ili- vr!i*' 
ctevoktwd in Kiuini*r. For a luiitf wliiK- it 
let!ovf!(l that (ErMiHM bc^/^li^ (Vi'to /*^f j 
and PttMiniib gwflrilni* wisiis w inwiy 
rtiweSn; but It in now known, an ivr U 
that thwy im only MIWMI ^tirn^Mvi* ]li;i *"i rf fJi 



mid TU 
of 



grain ificn;ly wpj^iM^ b> U* 
r, hut on prwwlnjj it lw 
'H from it a Jtekt4*, oily 
rotten (l^h. Mr^ml mmk frt*m tl^ ttutir *f 
hit^ an am<l rtiui bit^r tnti^ An<J itJtb.Mili it 
ntit ftp[ti'&r to \v An wily itijuHoUN ta 
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it cannot be regarded as fit for food. The dust 
arising from these fungi often produces in threshers 
in a barn an irritating cough, which ceases when 
they are no longer subject to the exciting cause. 

The verdet, or, as the Italians call it, verderame of 
maize ie duo to the presence of the same parasite 
(ITMlayo ser/etum.Uredo carlo, or Sjporisorium maidis) 
on tho grains of maizo, and for a long while it was 
believed to produce pellagra, a common disease among 
the peasants who live on maize*. It is now known 
that pellagra is duo to tho growth of another fungus, 
much resembling the orgot 'of rye, of 
which we shall speak presently. 

Other species of Uredmew attack 
sorghum, rice, etc,, and, indeed, very 
many plants are affected by parasitic 
fungi belonging to tho genus Puccinitt 
and to allied genera, and it is probable 
that thuy almost all present the phe- 
nowenon'Of alternation of generations. 
A simple means of freeing our fields from the rust 
of wheat in indicated by what we now know of the 
alternation of generations which ensures the propaga- 
tion of thin fungUB, We must destroy all the barberry 
bunhes which are found in the vicinity of cornfields. 
Popular opinion, although ignorant of tho phenomenon 
of alternation of generations, has long regarded tho 
neighbourhood of the barberry as tho principal cause 
of the rust of cereals, 
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In 1869, De Taste ascertained that in the parish of 
Chambray, after the peasants had uprooted all the 
barberries which grew in the hedges, the harvest, 
which had been bad in the foregoing year, was 
gathered in under normal conditions for three suc- 
cessive years. After the Lyons Railway Company had 
planted a barberry hedge to fence the railway in the 
parish of Genlis (C&te-d'Or), the cornfields bordering 
on the line were attacked by rust in an aggravated 
form. An inquiry made by the company showed 
that the disease was due to the barberry, and that 
where that plant was not found, the wheat was not 
affected by rust. On the other hand, a single shrub 
of barberry caused the disease to appear in a field 
in which it had never occurred before. 

The smut of wheat may be destroyed by the 
application of quicklime, either dry or dissolved in 
water, which destroys the fungus or checks its develop- 
ment. Seed com should always be subjected to this 
operation when affected by smut. In default of quick- 
lime, sulphate of copper is sometimes used, which 
may be injurious, or sulphate of soda, dissolved m 
water (eight kilograms to the hectolitre). This should 
be done the day before the seed is sown* In the 
of corn intended for food, another process called 
tage must be employed ; this consists in th 
stirring of the granaried corn, either with the hand 
or with Vallery's movable granary floor, so 0,0 to dry 
and aerate it, and expel the dust arid Aamp^ which are 
favourable to the development of Jtongi; 
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Ill ASCOMYOETES J EUGOT OF IlVK; THK Mol'M* ill' 

LJBATIIKU AND DIUUIJ Jb'iiMrs, 

In distinction from the Hpows junt (lscril>i*d, tin; 
fungi in this group posHOHHC'iido^nintK >JHHVS, r?M'lt-i 4 'V 
in a sac or special onvdopo \vhirh is f*nlh 1 an ^M^M ; 
hence the namo of the family. TrulII*s or T**t *vrm/ , 
are only ru]>rrxluc<Ml by tlus Kpons conlniiuMl in fhi>i* 
anci; but must of tho oiluir nHfuinyt^ti'h pri'-inji in 
addition flovoral fonnw of npoix's, nti! thn pliMinnminn 
of alternation of gontsraUonH has Irvi tr tin* h^Ilcf that* 
in this canc^ an in that of this fim*(oin^ x*'"U|i tunny of 
tho ffo-calhi(l BI^OICH aro only wiccfs^iv** I rat* 'f 
of one and tho name H|weii\s, Thin w t.h* 
the ergot of rye, a prodmrfi tj*j<i in intuliiMntt; it 
however, a BtjriouH and danj^miw dwi*H^ of tvp 
of our cereals, and particularly of ry* (Fig* H), 

Ergot IB canned by a mimtto parnniUe fiinuus 
attackH the oar of rya wltiin it t# in flowon 
young flower is covered with a whito nm**, 
of nqiicroscopio pr>ro, forinurly tortiMKi Hf 
(Fig. 9), Thoso Hporen roproducu thfmtwlvt'H on 
Howard; and propa^ato tlio evil 

The myeolium format! by tho gi*rtuinaii^ti 
sphaceliuta affoctw tho grain, form* hi it a 
work, and IB dovolopod HO tin in conHtituti' th< j vl 
embstettoo toimed grotto (on aonottnt of ito 
or ergot; it to called at thin wtago 
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Tho HphacfJium Mtnv)tm'Hny it falls olf, ainl nmii iJj* 

'\\H-i!' / 

M j * if ^ 

' - i M ( ; ' 

\. t \\k'./j 
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In the spring, owing to the lioat and iiui,<*tiiiv, th<> 
hyphaj of the aclerotiw swull atulsrnil forth nwwrous 
branches, bearing at flir*ir ox- 
. -. tromity a wort ctf rMua*ll h*0'l, 
f\ in wliifh the ns'i <r /^/vV/irr-/^ 
aro <lviI(iprUKiy;^ 10, II, 1^-j 

from tluws asd ^cnuinatr on 
the ry'-IilrHsoiu anil jmidurr 
thoro a JVi i ,sh sp 
a tiuttoixi ^r^^K 

-f*n* if tli ( Jif-mlM w , < iii 

oi Iru.Uliciihtm in paSriltl^ tlUNiti^h |N*t ;*fl 

MoHtof tho (f ru ut tiHtiM!*, il HfViral ('ftfH'nti'ttt* atv 
capable of uroduciug ci^ots reHtunbliug thnMs <*f ry**. 

u * 



;, Il,-f*n^ uf tin 

of 
HI lit 




itid 



the aatne medleal projwrtJ*^ Tb 
been mado that aiHtoarl t>f Uiu t?rp*t of ry 
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tho ergot of wluiat should W u*e*l in iiiedirin** ; it 
larger, harder, ami wore elongated in form, imd it ; 
appears to be* lews peris! whle. 

Krgot of rye, espeeinlly when powd*ivd, 
resembles incnfc iu Hiiirll, ntul only IMM'OIIH^ un|tl 
wln',ii tin- ]uw<li k r Is Hpoiliul by biu^[ kt fc jf iu a 
jiliwjn; it thfiii smells likn rutti-n Knit, nit*! <lii^ 
ca.se with many oilmr fun^L 

At Jrnst t.hii Uwttt is not very apparent, buf, it 
])roduci t s on thn pharynx H .sojuewhai JUT^ 
of coiwtriKUim. TIu di*f Mi'tiou of 

in proilmfinjL; vontrat'ttnn oi" 
Inr Hbre*H, <w]imnlly tliosf* of tlut 
ami ^otiniiM* ar<t rxtnu-lnl IVniu i^, ntnl llir-^, wiiit*l 
r<* it.s aetiVH prinriiili^, are offm * i<|tli^,Ml iu th^M 

f*H in ]rrfrrennT to r;uv rr^l, 
Jtt ir#! *lo>eM iT^ot i^ a sf.rin*jf p'll'inin iJ tie n 



of the mwulitiion. vrrti;^*, ntii|)*if. 
and eveti *tealh. 

BntAfl im*te with fkmr from whfrh th w^jot lii*'i 
not IHHMI tsKirat^ 1 *! nifty |mMlttfto Miff 
kuuwrt AHdtfff.rtUiiMiiMi thi^w 
tint ttiw of Midh ln*fi in ilise^fiiii 

Kytii|itc>niA pmlMiiiiitftlit, And UiU IM 



form of giuix^m tf tli i^to'tiii 
^i^oti^n^ ixit tht^e two form* WTO ii>|y two 
oiiit mnJ tint fliuiw fliiN&ftfto, M| ^fti* ofiwiir, in .tlM 
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individual. In countries whoro ryo brmd constitutes 
the chief food of tho rural popuktionw, tw in Unihunt, 
the north of Franco, Orik'annaw and Lo lilaiNofa, fatal 
epidemics have boon recorded at diilurunt tinuss in tlu> 
Middle Ages, under tho namo of Ht Anthony '4 ihv, 
Tho first aymptomRare a Hpuch'H of iuliixi<tfitinn,Hmi*;Iif 
after by tho pcawant^ and lK i coinin<^ huhiuial, liki- 
alcoholic dnmkutmosH, up to tho nioinrat when 
vulsionfl and gangrono wb in, and d(NUh ,'>fu 

Ergot of inaixo prmluws aimln^ou** phi*nunH*im, In 
coutitrioH whcro maixo l>nuil and cakt^ nro in UM, 
as in Italy and South Anu'nca, it ,ijtj-?u^ to IMJ flu 
eatiHf) of tlio dist^aHO improperly callmi IWHfr. Of lliiMi 
tlui wheddin^of tho hair and wkin l'> this rir4r*ytnptuiH/ 
Fowk which feed on ^oti/^-d tuuixo Iwy t^y/t wJiirh nrr 
dovoid of hell, owing to Un-i 
from tho uterus; th3ir eomli 
and ilnally drop ofF; and they uvttti H|M*| tlwir ln*ak%. 
All fclioBO phenomena iay Iw easily <xj>hiiii^l hy llu* 
action of ergot on tho mitMculnr tllmm <*f ih* uli?rit^ 
and of tho blood- voHKok 

Bocunt rottuareh ban Hltovrn ttmi /VA^A> in iti*i$(ti!fl 
in ittt cause and automat Byinptonm vrUh th 
known in northern Italy and in Uw tcnuth <f 

ia Spam ay the* WHO fetuk ixm Tlw 

* tlmfc iltn ttanm i 



With liHtr, Thorn) two diHtMt* inti^t lud 

Iwg tU* aUttilarUy of iwtn% its they aw pmtor*! t*f 

bdbnglrtg |o diffimmt gitm|u 
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rinmo is duo to tlm ml <;t;wH \vliicli rov-r tlu' ^IJu, 
afterwards drying up ?n*l falling of! 1 in tin* torn* of' 
fwalufl, Ai fh'ht tlif tfi'iirral health in nut nHlrt*'il, ij*J 
Hevnral y*arH may iNf'T\vm* InTon- tin* owmvw * t* 
vcrti#r>, a want of appHits cinnfifitinii, ainl liI!v tin 
torpor uitfl c'nhvnlsious wlii^h jtri'i*ilr* *!'< h, Thx ^r ill 
dtirts may IM ]n'Vi*iitfvI ly taking tli" in^ix^ l^'fui^ 
yrinditi^ it, nwnrdw^ to ilir proftr*-/, In n>-*> in litn :^i',ly* 
TIn*n* is another v i ry coinrorm fuu^u-? ml .- luclontf- 
in to thn ruii of rtKCtninrd'lf^, t>*ruifi Ktt 



u a 

in proet^H of clwwijmMf.ion nr bfvil} jo*- 
and fHjwc*iaIly upfm rr>okr*j fruits 
Thiw niouM In of a Hoiiibn #IVHI, a rolimr l*y M" 
<ln to tlii,? prr.si'ruMi of diloropJiyl On i;it 
^ winch Hprouls ov v r I In* i-ul>'.lan*^ oV thi 
of tlw fntH.'^Uin, xtnnll trtu iiro <ln'vlojiMiJ, 
of a joiutcft Miln*. ant] t^riitiii^fun; in mi 
ti*arl rtt whii'h ^!uiplr.ls of 
l, *a<st* of which w a MJOIU Tlii^ 
turmwt A#ifttjilttt* //fccwwitw, iitit 
jK:(Uiliu.r Hjn^im (Pijf, IS). 

Whmi, howim^ thl irnMtM w *ltvi,ilo|H*l in 
in which iimHU|*|>ly of nir fa liiui 
batlnmay oftiiii do oWrvcui tw<ilo or in 
, ami tlt^mi &ro 

Thin ,si:c!r>n<l form JWH 
itftnt. It hmi Mctontiy bMa . iH^UliMMl ttmt 
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the balls in question aro protluml from 11 u* 
myculium as Aupergjlliw yftitinw, and that e>nit- 
quontly tins chaplct of stalks ami Urn luills lillnl with 
asei arc nuTely two organs of the ,sawo fungus. 




the 
i'Hi- 

The chaplot <^f npovBH in Atytctyitlitx ///*/wr*M n 
Hont tlu* wliitxi ext>{j,n(>UH H{MirifM, or tln k 
tlie .ergot of rye, and thoHti wlui'h iir 
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produced. in tlie yellow balls correspond with t 
which issutj From tin* anti developed on the M'Jer 
these are endogenous sporen. 

Many of tin 4 parnMti<* fun;;! l*elonfiiur to fhe ^ 



sent n Hnniiar luudi* of vc^'tjition, mid afl'iH u Jaiv* 
iu'r of ]>lnntM. Such IK tint th'iiutH **f tin* i'in* 
Jit 1 Tnt'krri) towluch wti shall ircscntly n-vrrt. 



IV* ()oMvr?KTKs, Mrroutxio:, on 

UK.K; THK r 



hi all thi parasitic fun^i of which 
Hpoken there in no wxunt reproduction 
that of the higher plants; there nre nom;d*MUtd ft ; 

comparable to tho >daiacnx and pistil, T)i 

reproduefion esiMs in the 
unly in a very elementary form. In 
ad<liti<n to the ordinary spore^ \\ hieh 
Ay a have noticed in oilier fun^i, there 
'arn others t/emtod W*/>O/T*, whielt nr<t 

f>y the fuMuu of llie i 
<*onti^ntH of two 
cfiJIn, In tJi^famJly of thei 
which itK'hideH tiuM of {he ftm^it 
commonly cnlKid iMiwttfti (Fi^. 14) 
tti4t two colls of whi<ih tbo cont^nU 
lire famtd together ar* ^iniilur, In 

r, which inciude* tho 
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cells is larger than the otlwr, ami porMsts nlotw up 
tlio moment when the oosjxm^ in nmiwv. It nin 
therefore, be regarded an tho fi'iiiali* c'll; whih* t 




other, 'whloli is nmalkr and HOMII willK'f>i n-w>\ ir tf 
xnale coll. 

TJift niyeelimu of the* x>niycnl<fl 5rt drv^l^j^l it* 
moro or les.s li(|uid medium, lik^ nil (4!i( k 
aud putrefying Hulmtance^ Tim unlimry 



nrjcru .\vn Moi;rm 



very Hmull, ami im* funnel vuthin it mail miar/> 

(f/MWHt/itDti) lwW' IHI a fiVr hyphil f OJH liijivji 

Thou* sum^s^ is f'fitjst.'LTkf an<l IHIJHINU* a- l^ic 
tlio plant is "ni u liivunruhli' lut-iliniii In uijicli it 
itonrisli. Tim spurns wliWi un- Toiihl in |),i 
uifilimn KiTinniHiis iii| r jmHlur*' ; inytvli 
to that from whirli tln*y h:i'l tlidruri JH. 



i^j' ,"/, 






}Jfe^4ff - *'H *>** i %'"' 

^ : $i /^/^^'r^^'i) ' '"$* 

*-*ti (;;/ Hy j" - J > 

>-.-.>. w fif <8A 

/f ,st|\ a - H w cr,, 

(m'if ;/-'\^^-^ ri ^- ; - 

' X .^.'^ ^^. ...S;^"* "A 

\ ' sl 

/>. M 



;., , * 



' p {, ^w' -f 

;^Hvi*.';*'.j 
' . 
f^\ 



*y 
-<nf, 








Tlw 

in volume tlmn onlhwry Npuiw. Th^y nr^ oniy 
wluu th Kn*wth of tin* ftin^m fa tw^ttict wntit^ 



* for 

uii tci tint mj'f*ftiium b ilrytng olf j 
Itofiw 
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Fig. 15 represents the reproductive organs of 
MWOT wiutwlo. 1 is tho sporangium tilled with 
ordinary spores; in 2, the wall of Urn sporangium 
has disappeared, RO as to .show the, free spores mund 
tho central columella; *J ami 4 represent (he j^-niii na- 
tion of these BporcH, giving forth their hyplue; 5 gives 
tlio conjugation of the sexual Hporvs, which are ftiMxl 
into one largo oospor<s 0; of this wu WM the rjvnniiui- 
tion in 7, and it produces a Iiyplta tenuinafin^ in a 



Jfig. ](S ri'pnwents ih same orpins in a 

In I wo HOIS lh myeeliinn of tint funjfiH 
])C'notratin<f tho tissuo of ihe iiifi-ete*! plant; in jj, 
tho fructifying apparabm <*oniainh^ Ihe ordinary 
HporoH IHHIUJH through a Mtoma, rniiiifliM, and {inffhu*is 
wporangia at tho oxtri k inii.y <f *w;h lrm*h t * ** in<l 
4 wo H(to two ii|MmH whir.h havr immtnl from ihi^e 
Bporangia germinating und prnefmtinn ih 
of a loaf through tho atcmuita (r/, /;;; in 5 \ve 
tho oonjiigatiou whirfi haw taken place, hetwee,n 
rliHMimilar eollH; tluj nmlo cell, NinnlliT in 
(antJwr'Mim) in applied to the liu 
(ovyoniunfy and afte,r HUH mode of 
is tarmod an oonporo, whi<h is repreneniitd hi M ( 

J/uoor mwwfo, and othur HJAKM^M c*f il 
gemiH, form tho mmll downy Utfts of* ft ^v^lf 
colour which may bo <Imitrvi>i| on numkly 
fruite, and on tho uxftivtiuwt of hoi%% 
rabbita Whon oxammccl under tt 
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filatnonts of wh'wh fh k si tufH consist lH]1iy ot th ir 
extremities tlw sporangia rrpn^rntrrl hi Ki^. 15, I, 
On rotten fruits tin? spuiv^ i>f thf'sn Fim^i ^rniiii;M* 
ia five or six hours ly introducing th*'ir hvpluH 
through tho epidermis, Wirj*ttK.w t w]ii(']i i nniy tli/* 
firnt la#rj of ruti^niH'^s i^ t*ruriliny !** I^vniih-, 
to he AHcrih*'l to iln* fiction of tli % >* funx'- Ki'iif in 
tluHiiUMihly cotiflition in Konn-fihivs uiuvho't ^iim*. 

The ]Mt.ato-funjL?ns J^^u^tuja^t^ /^/tv/.r^^ i< <HJM- 
of ilio most <ln*aitiMl wouryi*s of thn \ntun)*l* 
It attaekw the l(nvir mufaeo *>f th If^iv^ nml 
and appfann tti tho ntnnth of July, in fhi? I'rm i/< 
hrowu patchc*. Tho lnu^ tiyjiluit iM^iMtrntn lrjtly 
Inmt^ath, tho qiMcnnH ii*i*i will ivtn |n*|m^tit ()<'iu 
Hclvtvs on ths tuhi'iu 

NI* \vhi/'h rotliw 1 ** or 



ij* fitf n 

the UN of timl WIMJ, tlu im-iuufutr ntol 
ycnuinatton tf thu tuU.'tvi ht*lor** th*-> wru |4?H 
of fnwh <lwj> \vhirh IM int M4ltii:ii; 



hn following pnj(m*Hs in imlioiilml IH lib^ly to 



HID ttr^t imitwttw 111!^* Hlu 
with a Hat toj^ from ij|ht !>** ttu c 
im<i frotn twinty<-0vo b thirty 
In tho fimt firrtiilghl of August, a 
U cartluia iiii 
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bo acutely sloped, and tho stalks of tins plant 
be turned clown into the furrow, HO thnt any 
which maybe on the loaves may bo WU^H'"! oil* th"ia 
by the rain, and not coinw into contact with t,h .stftu 
and rootn of the plant 

It is probable that onrth-woniw ilillW Hi'* np*m'q 
of this fungus, an witll of lhoo of many olh<*r 
microbes. 

According to Prillintx, hwtroofc i nltnj'kwl hy 
anothor flpocion of jf^i'^/rfwy/r^/v/, which <*JMIM*S th 
Joavo.s of tlio plant to withnr and fil. Th" ivwuly 
in buruinx ilit <lcad Iruv'S ott \vhith th<* 
remain during th* \vin trr, or, ufc nny iftti% 
in not allowing thnm to lo phu^d < thn duitjjf Ji^p, 

Tho mildew which afRidn tins viuu is nNo a ^ptrii^ 
of Pewno^pora (l**vit!t'old) m vvt* an* tilmiit to 



V. PAAAHITIO Fiwc OF THK VINK: Oifttrsr, 



Tho parawttoB of tht> VIM aro no nmnffotiM m* to 
require a Meparato ebaptor. Homo ymrw nxn 
ilfty of them wore emiuiMratodi by Itoumi^tif'n%a 
known Hpecialist, and the num!u;r i nrw lfior 
doubled We ftliali rrily wow n(iHtk of fclii* wow 
important, of ttuwo which aro M(HwIuliy iiijuriutiii 
to the vino, and which c&rimttjtttmity tirt^ the 
to uw* 
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Oulintn. Oiditini, or /iV//*<"/^' T** *'&'?! ~~ *n 
criHed from th*j naiin* of tin* vint'-j^nwr l*y wlciin 
it wan first dt'Hcrihfd IIJH h"i n hm^r* knoun fo 
us among those parasitic fun;:!. It hi'lon^s t<* thtj 
group of AHComyci'tuK, and iipprarM to 1m vu rradtril 
us from Aincnea in I*SI^, irs \vliiflj yi-ar It WIH lit"f, 
(th,servexl in Khatami. Tlumrr ii ja- ^-d ovi-r t<t 
Franca In 1847 it w*w nutirrd in t 
of Pariw; and afterwnrilK, in IHrifMN,*?!, in th* 
of Franco, whtwc for twetiiy-fivci or thirty yi*ar^ i* 
raged with such intMiHily m in thn/ut^n for 
yearB the ahwmfc c*ornpl^t flr^tniotioit tf ili- 
yards, a dcHfcruetkm wJiieh IH now tjjlitj^ |ihu** wl**r 
the afctiickH <f atiutlur pnraHitis l^ini^ing in this 
to tlu* aniinnl kin^dutji: J'ttf/thfjrrt* 
oYfltiun, th< whit** <lHt^/^f or 
<lcjHlnu'tiv hi UMS vitiryni'i^ of AJa^Mrf 
that it wa tii'^i'^ary to upruof. nil tht^ viro^ 
n^pliico tlioin ly wound {riant* wJuch 
of Ixtartng jifmpos for HOIIIU y^jm. 

The (tfdium appimni on thr* grnj^ in fhu 
of gifyifth AlaitiontH t*triiiinaUit{ in nn 
which contaitM nn A^Ioriiemtioii of 
or in a ehaplue, m* in AqnyiUit* (Fi^ |?t). 
|H)ri mjapo aw fim* dtnt, difntw t 
air, and **|m?ttil thn dinww afar with <**tr*ui* 

If a ^jmro M%m m a vitiM-limf iim!0r 
f iiHihtiiny ami wartnth, it k>fm 
tho dptOemilii by wwn* i>f it* 
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forms floury patches "which wend furth a ptfulkr 
musty smell. 

The oluli.um may remain latent on tin* vim-stnnk 
throughout the winter. In tlm Hprin# it ivuppiw* 
in yellowish patches on th(j earliest leaves, <m whirl* 
it is rapidly propagator! ; th< 1 plant Inn^uishi*^ md 
the leaves become pale and, as it wm\ a?wmi<\ 

Very dry weather is imfnvwimMc to oidiitin, wtil 
so also are heavy rah, which wash tin* fruit ami 
leaven, and carry awny tl upoivH <m In ih** wiil. 

Thn routcMly consistH in the application of w 
to tho infucttul vinas, Fl<nvTH of Niilplntr w 
whkih aetw upon tlm fttn^nn ly ^niflually 
ulihurouft add Und)r tliiw tnilu<>nwt tin 1 
wliows that tho mipcrlicual iiiyct^liuin aiul tint 
nporos dry up aw If tlu^y w<rii lutrnt fjil, Amin-j. 
Throo miceoiwivo applications urn nwswy, ninl tJu'm* 
arc ma*lw with thcj lutlp of a M|u*cml iriHtriuiii,*!it in 
tho form of a ]air <if hhtlowH to which a unit U 
affixed, in order to dwHuminatcs this fliwon of wlplmr, 
Tho first application to inado in Hprh% wh^n tin? 
arc from oight to tea contiiiiftn^ l<*tttf j tho 
directly after tho vine ha 
the third whon the jfrapcm l*'#ht to rif>cn Tlw 
tbn in wpring ia tho monb importont, and 
performed with tho uteiont carr\ o a^ to 
the hybomating porew from wliich 
gmorationa would Inaua Not only tht* itpjH^ unit 
lower sides of tho leaven uiUKt tm du^k^ iitt 
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tlio hranchw and tint stuck itwlf. TV third nj 
tion nhonld lu wad* 1 . early enough for tin? Milplmr to 
havu (linappoanul from the ^rapeH Krfoiv th i vinta^j 
taken place, It in evident llit its iufrodwtioii into 
tlio \vinowould Iiavrt tlu* worst dIVrt: in jr*r'>;s of 
iVrnnntati<>n HiiljilHUvticil ]iydr^*n wuuM )w ^\\^\ 
off, >vlkie1i IH jnjnriouH tf> tin; uh'olwl, nnl this yu-* 
would givn an unplrnsntit lash* to tli** \vinc, 

The morning i tins lii^t tini^ f**r npjilyhitf thr 
sulplair, Hincw Ui< d<*w fn,hl th j?nvdrr in ntirk 
to tlio Jciav(H and hraiwhi'H; ami it nlnniM b*" tniwl^ 
on a fine day, HIIICD lu;avy rain wotiM mrry irfl* ll*r 
wulphur before ifc IIUH time tr act upon UM* ;tdht)n, 

Tho Kulphur ultich ultimately r^wfh^j th>* woil 
tlw vino is transformed Into Kitl|lm(^ **f limts 
IH an <xr'II*'tit dn%sinjf for tin* vine, 



of < )oiuy<^trw, U also <rnMH tn UN front 

It wan iiiijiortiMi into Knropm in 1ST**, with Ui< 



by tho |>ltyUoKem ami WUM 

Fram** 1 !, and theiico ti> Alp^rm. It |J*WIK in 

form of !nvjuiii.r |*nteh*^ of . wlutinh 

very tliik ami with n nlnumt 

anco Ukt> tlutb of a wAlnn I*I\\OWHWMW 

It IHIH not tliu muiitily Miurli of f*Hum, 

lator in tho wowm, gi*nemlly <m tlio autitnm 

It tnye^tium jwuHmte* uior* 400ply Ui#n tJmt of 
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oi'dium. Brown patches appear on tin* upper 
of tho leaf, aw if it luul been scordmd; and in cunv- 
spondence with thusc thorn is a di'lwuh* down "lik*- 
the whiteness of a slight hoar-front" (Vnimirr; on it* 
lower surface. The hypluu issuing from the mywlimn 
ramify at right angh% and them* lmtif k h<*s Iwnr ilu* 
sporoH, as in the potafco-funj.fUH, 
(Figs, 17,18), ThctHi) nninurrMiH 
the air, are powerful .sources of co 




lp;. 17, JlffM r uf f fl, V*M thai 
on UM Ur hurfiWf'i l>, a 



jianuuto ilcHtroyn tho twu< nf th^ 
it^ aurl finally canwH St to wither n.ml 
which are fount afltotwl Iwvu only 
H, The buntsh > 

Ahoote ana raivly 
la addition to tht> ordhiary or uiuinMr #|*0r<w of 
wlnich wo Imve spoken, thit itextml HJH^I^ mtinfc to* 
noted ; thto ooapore^ or dormant winkr 
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hyhernatfi in the tissue* of the leaf it-rU* 'Fiy. 17, 

and gwnrinatu in tlm j-'prin^. The conjugation of 

sexual spores, as well as the ripening of the MIMI, 

spoms, and the ^enninafion 

of the xnoNporc.s which issue 

from them, can only c*cur in 

a drop of water, rain, dew, 

or mint, HO that a persist ciu 

drought clnickN the propagation 

of this fungus. 

Tito pataiufa injurt'H th* 
ntock f>y Htrippiny it of it*, 
leaver, thun hindering the nu- 
trition of tho plant; moreover, 
tho #nipi*N, since tliey an? im- 
perfectly protected from the 
HUH, dry up iicfimi they ore \ , K 
ripo. HoinetinteH nU, tin* " 

,. , . , 4 .1,* ! 

liiitpfUH attackH t.hi* grape iNflf, ^ 
or itn peiluncle* 

planted in a num4 Fui! 
than other*, niniply 
soil n taken the plant wore 
nmnure acts in Uie .satnv> way. 
<hiv<*lo|iml 9 It may 
with |owd*r<t(| 

than tl at of ofrluim, it i 
have mcotiNtt to ntont vigoroiiM f$ea*tmtf* in 

abt> 




* ) **Jt 



th* 



Mid 



Wlwti 
l Uy 



of tit** 
iHtU^ 
? fmigttti b* 
i*tix^l 

te HMW 
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scribed, in the proportion of fivu grannnM to n HIP* 
i>f water; also a solution of sulphate of iron, out* 
kilogram to two litres of water, with \\liirh tin* 
stock should bo washed fifteen days ht'forn flu* nhootM 
begin to Htart (Millardet). Mwe. Ponsot, in iSur'ielnU, 
lias used tlic name MibHfauuv iui\ed wiilt linn* 
pa,rta of powdered wulphalts of iron to fwvniy 
<>f lime). The fallen ]eav'K wliu'h C(Mtiin tin* 
winter sporos, or ooHpoms, nlKiuld In* Inuni or luri"d, 
The wtocks nhotild l irrigated as oftrn an j> i)ili, 
and the IisavoH nhould In* dusted wltli liino iti ord r 
to dry off tlio d< k vv or niUt., which fa\^ui\4 the ft 
mtlon of this ooHponsH, 

Soiiio Hptseie-N of vinus resist tin* di-n'iist* I 
than otherH, and HUH Is tint CUMO with Ilii* l^the 
a vine from MAloe, ivliicth lm 
entirely free from ifc in inftxstoil rt^ions of Al:^r\ 

AnfJwwwmntQi* Jlkwlr-rtrf.. Thi-< fiiii^tM, of 
the name IN l*hmm iwnwl<t or ttfrfwcftiwui irinix 
hoIoitgH to the aNcoinycntcfH, Of nil th |am;4ifi^ >f 
thi vine it wa tlio earliont known, hut it wiu only 
in 1878 that 5tn devaHfcafcioim \wr<, tniprnaut 
to attract attention* Like llto two 
it IB reproduced by sperm carried nfar ly tlw 
bM5o. Heat and mointttro arn 
pagation, which in chockel 

Ifc appuara on the young whoots in thr* ttumtli 
of May, iu the form of round llm?k HI^^ wiiiHi 
gradually spread over ilto twigw, lmiV4m 9 iinil grajma 
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The young ntalkn assume a sickly appenrnw, and 
'jften wither off, together with the leave* mul fruit. 

When tin* fungus fastens on the* libro-u^ 
bundles of thu leaves before their ooinplH,*' ii** 
mont,tlu l<avos slirivi'l nnJ curl |, nii'l |i-rfttna 
fuiKftions iiiipt*rfi'(*lly ; when it jitfneks 
j(*ilund< of tin* hmwh nf fj-rapes, it 'Irifw njt. an*] 
fliwtrutttion of all tlmt jarts in ilejii^nlfiiei* *ri if, 
follow, It Ls thiH fun^iiM wlii*h, unl* k r lh* tiatae 
rot, now rlev{iN(nti*s tin* Ani'*rimn vinryjwK 

Hulpluir in hy no iwmiK so i^n^irioiH in t)ih 
aw It IH with oY'liutit, hut the foHovvui^ trenthi^tit K 
preacirikHl by I'ortes: 

1 Tho pniniti^s of the viw anrl >th-r rnnaifi<4 
nf tin* pi'cceitiijjr yeiirs sliotiM he, destroy ed y. l*h*' 
H *ui<l youtijLf nhoot vltMuM hf <lij,*Jnl. in fhr 
fortnight of April, with >*lK'il lin*' vvhU-h hu-* 
Jxie.n finely pow<lereil, JHM! <JiM op^nifinn hiulH hf 
repeats! orn'M a fortni-fht, up to fin* eit *>(' Juin\ 
& Sulphur .should he applied at the u ,iw) ti 
espeejally if there j any to'tiiuui, 4, The 
hthmiltl ho dmtni'il an*i irri^ati**! a.s o 
5 In all HH(*M in \vhiHi the fun^n * ivw* 1<* lt4r*i^ 
powrleretl limn whnuM he applieit ii the ifi(* s rvn) 
mmto fUyis nltorimtifly with t,l* **atne 
with ilowerM of Kiilplutr. 

^rrf^ftaUi**! hy the Italian** Hi 
not ho eonfoMmtHi with Atiilirn^rttMH Aet>onl- 
to rufetitti rwtfAivh^ miwrmyn iw not 
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by a fungus, but by a d^rncration which w ftithr? 
spontaneous or, as Pirolta an<l (hi^iui nn^^t, tin 
work of bacterial, and which consists in Un trail' 
formation of thu ct'lluloHo and wtarvh of lln> plum 
into dextrino, an Comos aasi'H/H, or, ammUn^ to l*intu 
into tannin, 

Thin dmuJiHt* appears in thn-i* sin;r-t: fl./aMuiph 
diwcjolounition of ihu mp, which fis^utni^ u fnutti 
black sliado without flu-cikm^ vry*'tniinn ; t'll; a hrjfui- 
ninjj of Jiocn>iH, which rMKh-rn tltn pl?ait 
(3) a coinplutn n(crnHif, which ;illict:t thn woudy 
mid arrcHts thn growth (f the pkutt. 

ThiH dirtftfwo is conln^iiriM, which lend t uj 
holiovo that if it in nut produced hy a luti^n^ it 
at any ruUi dm* t> the dHV*Iopmritt of 
that in, of a microbe. 

The rumocly iutlimtnd ly Jfaliati tin 
ninte in the applicuitinn nf >H of 
may bo oxtracU^l at wiuall c<^t frmn tit* 4 anhf * tf 
vhw lraiichcH which AW burnt uptm tliM ';(wf, 

Rwxlttriu hyiu>ijm> or JM, > - Thi<* 
found on thy vimHwrfN, and him In wit rvfrn|,ly 
by Prlllicmx. Th* vln> a<Kf*h*d hy 

for itoiuo ymrw and thin ilii% Tli 
by ruoan of Uio moin Iti 
and tho paris aflVsetcd Hpr<md Hk<* ill 
by tbo phyllDxonk Tho roofcn rot away, TJiiw 

bmai widely Kpmul in I fan to Murnv. 

This small fungus i dmthtet front om vrldeh 
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tho same French nam*% /WmW/X \vhich IH found 
in tho Houth of France*, and has been .studied l>y 
Planchnn aiiil Millardet. Thene naturalists describi* 
it aa formed by tho rhi/*uinorplmas mycelium of 
a largo hynwnomycetous fungus, Atjnrwu* tnt'llt-ttN, 
t IH very dillcruut, It is a .small whitu fuu- 
with a white or ash-coloured hind, from H*Jit 
to ix k n ntillhuW.n'H in HIXI, <if wliiHi tli** mycelium 
IIVOH in the* interior of the viiiorooi*, penetrating 
and profoundly aifocitin^ *tll tho tis,mieH of tin* roots, 
and producing in tho autumn tho IVudiiimlaon whidi 
to tho Hurfaeo, 

It in generally developed in marly and 

affair a rainy Heason and in the Inw-ly in# 
of vineyardn on the wlopu r>f a hill. It thrive i 
the inoiHturo which lif*H lielow the sitHUtie of tho 
aiul ife in Mutrefure itnportniit t.t> improve the 
ditim of thorn* Huh-.sr>ils which are iinp^riHen1i*t, 

Jfc SM also necennary to wjmrutc thj NtiiokHp *w> 
t<* pmvent their roob* from intftrlmuiijf, im<t t><> 
and hum diH^awed vinew, tinm> ttir^ ftingiM may 
for Hoveral yoarn in dead and dri*d wots. If, wind* 
in fthnoHt alwayw tho CMIHO, any fm^iiHitte of n#*t* 
rtMnaiu in tho ground, tln-y will roiniert ttu? noimd 
which hav*A h(M*n HuV),stituttMl tor 



tlmfc UiU valunlilo plant, wltidi ha# 
HO can; fully cultivated in France, should 
by Hucli a number of parasite*, both animal and 
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vegetable. Yet wo should rather la* surpri^'il thnt 
the* vine has nut Iwcn compl*tily d<-,strou"l by tin* 
combination of such itivursc* .womb's, nutl tluif it ban 
tiftbctually resisted! thnm in wvoral n^/ionM of 
Wlien \vo consider that for lonjj ycni'H th** 
old stocks liavf* }x i en iv<|UW'il t> 
without trueo or mercy, anr] ofti'u without 
paiiiH to supply to tliniii hy a fitting inauun* tJi^ 
noun.shimint which !H withdrawn from them 1y th*^ 
fnitjtificatioii of tlni ^m{n^ w<*. shall IIM IMS it**toni^H<il 
at tho <Ir<MMlin<: fc of our viitoyar*!^ AnK iurl^rft, 
minils as(rihn fhf ait.'U'k^ of HIIM 
raHiti'M to th wi'akni^H HIM! *'\h?i*i-tion 
of our vintiH, mthiT than in ntiv awiili'utul WHI^S Mirh 
as an hiiporbitinn frou without, 

Tho principal runutfly niy, fchiirvfun*. li ftniiitl hi 
rcntoring tho ntrom^th nf tli vim* hy tin* plaiHin^ "f 
AuekrtrH, aiul till morn of Hmllin;/^ Itiitfinl 
to mtrotlww fon*5^n |*lat>K whi<fh it 
way not ho cany to AwIiiimt/iKi', nr*i| which will 
cortninly Im IOHH valuablo than th vini^ w tmv k 
lr)Ht, It would Htirely 1m Uttf*r to wifi-k to rrp 
our indiyonouH kiiulH by crimMtn^ tin* Millivaffil 
with wild viuoH, or olnn, w Millnnlii mi^mtn. l*y 
croHHin<{ thorn with miek othurv TIu attfin|*t titi^ht 
alo be tnado to gi*aft tho fttwkn fhtii iVvrdmux nnl 
Burgundy an wild or Amoru-art vit*s wh5i*h 
a bettor ixisintance to tho attack* of Uuf 
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VI HAIMTAT OF PAKAsrnr Frxoi: TIU:MI DKSTUIV- 
TIVK ACTION. 

The haHtat of jmrnsHir, fuiijLfi is t'xtri'iw*Iy varied. 
ojfinVt.*, iu hU (tt'ifjrfftj/'imtt, ilt.ftsf /*<*<, has ilpvutcd 
titan forty pa^os of a larjfn quarto, prinh'il in 
cohutmsj merely iu tlu v I'liuiiit-ratiMU of fwi^i, 
in^ in tlwir jwrsition in 
ul^tmicj^ jiit<l tlu' 
a<hnif.H that thin list in far from coinplcte. 

Parasitic funyi an* found on plants Itt'lun^iu^ 1 in 
all the faimlirm of tlu \vy;<'lanl kiii 
cm other ftuifjfi ; on living anhnal^, 
itivortt'lratc; on fhcit* cloiul InMtiits an<l IMI <*xrrii 
in HtH^uanfc waters nnil in tln H ( a on pili nn<t 
OthcrHjintlVr ntar^ln^, furf-lu+^n, hrathy tjrotunl (which 
may ho marshy or dry), hm"M, cavis ami 1**W, im*l 
<*vcn coniplufci'ly rovt*rt'ii hy thn ^uil v an 'M this 
with trufllitM, (Hhcrs, n^nin, yrow upon 
ami roekn; in Un< op*n air or in mirw; or, liktt T*ir*t(ti 
nwifMitHtht, and lfitMtnt\n <fr//jO'/X IN 
oavcw, wli^rw they form a W(H*I,*U*H of tVli\v<n*k f 

in thwktu***, of a 

xtrt,tuifly li^ht, whlvlt in thi* cour^* pf 
a fw y*w ovinwpt^adH tliu walln of ct'lbr* Cttltttr 
t tnliaMfc out hotiwit, attack owr ftwxl, cbthrM, 
of vcfy kind; waU*|a|^iN wd b<*^k% of 
which th( pastu aitbm a nutrimeat wliich th<jy imu 
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eaaily asHimilato ; linen; and oven our toilet ipon^*,, 
notwithntanding that they aru in daily use. They 
may even be found on tho mast powerful rhenrif;il 
substances, on parttilloH of milpiuir, 
tions, etc, 

" The general belief/' writes Uiuna*yn?n*, 
fungi as the result of decomposition. Tlii* l'li*f K 
duo to an imperfect aerjiiauitumus with tlf mi tun* of 
thtiRti plants. Fin^i aro not <nly fount! nn I'ni^iafitts 
of wood anrl decayed vi^i'UUiIfS, luit snintftiiiiMi* i*\*'U 
on bant pcbliloH, on jjlass, on windinv-jmiH'H, nn fhi 
leiiKCH rf !nuir<mc(p(s, ntul cm other {loti^ied 
Jt inuHfc bn Hip<w4d thai fuii'ji arn firhlf f* 
tho elctutmte of nutrifclnn nvin in 
Mfjj>/*/?w, whk'h havo a mirprisin^ power if 
nteni, j^row on aniputatud Hinlw, Yntinu Im^ 
the appearance! of a (ynvifc number of 
in nn ittiporfootly (lovelojw^l Kiate,, below the 
on which a man wan \y\iig whoKh l*^ hud U>m ampit 
tatod. Tho bod wan cleaned, mid in ttin or ten ilaj-4 
tho fungUH reapptjared hi tho name filiuiifhttu'u *M 
boforo. I'argionui-Tow^ti hml pnivtoti.sly n^^rvifil a 
wimilar growth on tho appamfcUM whieb MM roundel u 
fra(stur<Kl limb in Si (korg<**H Hospital, Mnl*nn. H 

Berkeley wtatox that immediately aftrr t lt; rtrufjr 
of any vegetable Hulmtuntte, an army f ftiii||i uf 
variauH kinrln m at hand to erniipletft th^ work <r|' 
clecompoJtion. Tho ofb tiHwurm uro rapidly nftliitf*! 
to a Homi-iiuid condition by tho combined action of 
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putrefaction and of ihc,se fun^i, The* hardest 
yields to tlic same a^'nt^ not indeed H* quickly, yet 
much moro rapidly than would U the cas^ from the, 
action of thu constituents of the, atmosphere iilnin>, 
When a lojjf of one of otir iimst trr^H i,s attar'kcil t*y 
fnn^i, il soon biroincs f>iily a mass of roHm w*pnl, 
of which Uin woody tisMir h*w I'i*n lnuvrsd aiitl 
ihiHtroycd ly tint mycelium, If the srnw. luy wrr<! 
moroly nulyt'ctod to tint action of th(^ wnf/ln ( r, it 
might ondurc for half a (ffiitury l>*?fon* 
rotten, 

h'Htrww (or ,;V. ItttvyiuwH 
and tho otlu?r jaueeH of wood iiwd in tmiliii 
an<I rapidly dt'Htnys tlir*m. TlMi aihniiiisfratnr^ of 
(Janal dti Midi, Toulouse, w<w ^otuprltrd to 
tin* oak pilf-H \vhidi protect the ^Mrs of the i*wml ^^ 
it trav^rHf'N the, town, on uecount of Hie mvii>,"'ft of 
JJfWHttium (/hjttitfatM, one, of tint 
fungi in its wtrly form. At the end of th* 
century, th^ name fungus dentroyedj in (hit nHirw of 
two or throw ywu^ th* fviulrvytMiti a 

VtlMHIil 

In oi*d*r to nk*p th*i development of tliw* fungi in 
wood iiMi.'il for hiiHfihig, utic! wiwvfatty In wm4 In** 
toiM'kscl for ttlu|)*bniMift;, Jt IH <*xp^Umt HK 
tlui trcen art) ft'llcfl* io wteep them in a 

solut'um a^ t for imtoneis In Hulpfmte of 



An 43cperim^it nincJ^ by 
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botanist in Munich, demonstrates tho net ion of micro- 
scopic fungi on organic substances, exclusive of any 
previous deterioration. 

"I enclosed/' he, says, "several loaves in a {in ease, 
which was carofully but not hermetienliy r*lomd 
When tho case was opened at flu* end of *i^hte<N 
months, tho loaves were, reduced in a small is\ 
consisting almost entirely of HlnmenU of mould, in 
which I could detect no trace of the rftibHtatirw of 
broail. This mass was soft nn<l wolM, like a mud jw, 
It (*iniittl a strong odour of irimeiliyLimin: no traee 
of starch remained Ono hundre*! jmrf4 in weight, 
of thn original Jmwl went transformed into sixty -four 
parts in their moist state, and seventeen jwrH after 
rlesieeation in the o|n r ii itir. Th* 
starch hal been consumed in order 
to form carbonic acid nd watiT.** 
W^**s*** Ikdlmtn MIMA uj> in n fm - 
words th<) destnu^ive i<fF*H*t of 




ntir 



wit. n>-"- 



our breml mouldy; 

iiourihtrnd at tin? cxjtenw r^f our 

fruits; Jlfww ftn* 

tho herbaria of 

Olwrttowi //7M chit rtti I, t*>u 
dovolopH itiwlf on |wi|>er oft tho iuMifhn of hook*, 
their Wading, whon tluy eomu l conUut witlt 
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a damp wall (FI^ t If)), When bfvr ors\vortiiii*ttt* turn 
sour, it i;s tint work of a fungus." 



VII. PARASITIC Frx<u op TXHWTS, HK<;AWH:J> A*< 
ALUKH op MAX. 



'Many wiwoscopw fun^i at Jack inwK Wh living 
ami duad. We havo all HWU tli> bodies 
of (lien still Htirkin^ to tins window- 
or curiMin, an<l .surrounded l*y a 

of aimwlu formefl hy tl 
of a fun^UH, PiM'uiiJtitt't 

4 L , - 

or HorrictimoH /SfMHW/irtuitntttt wtw.'' or 

tt, of tins family of ()o>por'N (Fi^* 




and ///'/>w/W f wht*n tJu*y r*i lurii'il in t 
wand hofnrn f,lM*ir }nrfat(iurpho.siM into clirj^ilidfi^ 
killn tln>m liy <hn dfv<'IointH5iii of i<?4 ntyrtrliiufi iti 
Ui<ir tiH,sit4\ Thtwi* c?atri ( rpillai*H may oftrn In- found, 
on tluur liHifk.s a fun^UM loniM 1 tlinti Uii^ni* 



t**, a 

the rab*r|illiir found on |* 
tint few fuiitfi wltirfi may 
t,o man, &mc<t it dontroyH muUiindi^ of 

mMtmlixi*M tlu mvngun ett*i^^l by 

<* young Hlioilfi atid pi 
in the Antilles tht;n in . w^p called 
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wasp, because it is attack! during its HfVtimi' ly 
a fungus \vliicli it carries uhmit for HOIIH* tnn>\ 
which finally caiiwn its dath : UJH i,s Y'^v/ 
O. TV/ova *li 




W*TX 

r ' J 'Mr \ 
If/;,,' ' \ 

Wu.i-.') 




H|KcioH of th wamc* #enn hitn 

back of a butfcedly, which wim ]K>iw.il ujw^i a 

if alivis and which was probably kilh*4 by tin* 

development of tltf> jfungUK* 

ThoNo and other factw, not to njwik of thu 
muscaixliuo of mlkwona% to ivliicti wo *tmi! 
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have given rise to a surmise thai if wo r*fwl< 
the parasitic fungus of the phylloxera, \v* 
transform it into a powerful auxili/irv of njr 
since by its aid the panusititt Insect which 
now ravag&i our vineyards might be 
destroyed. 

From this point of viuw <!i;jr*l 
has observed Htsvwal of then* 
of insects, which lus calls 
phthorew, from tlus namo of tturir prin- 
cipal ^*nuH, JKiitiwwjrfttltw'n, 
/& riwtONM, which nttackrt 
pni^ and Ihu diptera of i 
CltiMntMntf*, eux'elripin^tlu'in in a thirk 
fellwork formed by tin* winter 
and Hpe,eiHIy killing (hem. In tin 



N, an insnrb uhi<'h is nfVn injiirinu^ IM our 




It has beei 

t/, the, pnwite of the nphiM, rni^Jit not alwi prey 
nptm the, |thj'!iuX(*ra but the ^% r periinrttt^ nui<l^ hi 
thin (lififtttitm liavn n<*t hitherto 
tn allow u.^ to vniint on thin nutHYH of 
worjp,4, With tin 1 * Harni* obj^t, Ha#*> 
thct itw of bt^r-yi^t, whirh wntinM to fi^v^ a 
Mvo {*fli}ft on jumMi^, a^* H iw clovekiiinHl in ttuft 
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VIIL MuSCAKDrNK, THE DlSKAHK OF 



MiLscardine, which is caii-s^il ly a irni fun^u*, 
bwtHiana, inuHt not l>n confoinulr'i! with othn* 
diseases which attack tho mlkworni, such, for instance, 
UH pebrin, which, a Pasteur assorts, in wnwd ly it 
hacturium, or, strictly Hpoakinjf, a inicrolH', oiul f 
Ing to the rocont rsitarchs of ISalliiani, by 
^jcrmia, W(j shall proscntly rrvcrt to iliin 

Motrytitt IftHMttiMi is a tnuj iuouM t lu-lon^in^ to 
the jjproup of Ooniycctos, nn<l allnil to tlw* potato- 
fungus, /V/'oww/ww. It is projmjfalc*! by siion^ 
which, whon falling on a silkworm, #'niimHta anil 
ponetrato its Ixidy. A niyct^liuiu is flii'ti lvi'lnjii'i|, 
which nmy take powmiHwion of tho \vltoli* m(rr|Mllnr 
without appearing f r xtf*rtially. Tint Ki'rmiiuitiim is 
rapid in prop(*rtion to the 1 a^} ttf tlu* silkworm, 

When ckvith has betm mus<*<l by Ihin dtivclop* 
niont of tho mycelium, hypluu a[^par through tlt* 
anitual^H skin ; tluH mun )>tar whit<s chalky H|K*I*I*, 
which are readily dittanhmi ami float in tho air in im . 
palpable dust like smoko. Th Hilkwonim on which 
tho dust falls do not appear to bo diwiwif, itml <*nt 
with avidity, but thfly <Ih) HiultU^nly, Jit tak^H from 
70 to 140 houra to dwolop tho porr^ iwnl 
the contagion* It i difficult to fr?u the 
house* from all the wilkwomm which ilb in thl 
mannor; thoao which dio aftor Imvin^ c*rawl**4 
to tho hoafchor to prepare fur ttmir 
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into chrysalides are only thrown away when they nn 
found on removing the cocoons, Tin* clouds of dust 
dispersed by tho silkworms perpetuate Ihe <]i*iw-e 
in the bust-ordered fiietorles. "\Vhrn tli heather is 
thrown out of window, and the, rooms nr* swept tn 
#et rid of tho dust, the spores lloat in tin? air and 
are disperse*! by the wind. 

Damp favours the development of the fungus, and 
tho introduction of healthy silkworm** into an inleeted 
breedinfj-houae, will not extirpate the* dineaKe. In order 
to attain thin object, it IH neeewnary to #et rid of nil 
tho dead Milkwornw before tho development of the 
nporoH, and to destroy their bodies by burning thun 
with the heather, or with quicklime. T lie breeding 
should Mien be completely euipfied. and th*" 
iinentH should be purified ami di/mferfrd in 
the ordinary way by fumi^atior with sulphur, nnd 
washed wilh ehlonmt water, befuru IVe^'h .silkwoniiK n 
placed in them. 



IX, PARAHmrs KiTNor r>K rnw Sicw 

MKMlUtAKK OF MKN AND AMMAU4. 

The. Kkin"ilIm>aN<M (f mtm nnd lutinmk whioli ^r^ 
an caunefl by tin* ptvirncc', i>f |mmitie 
tint Heh IN produced by tho 
lon^infj to tl gnnip 4Miw 
aro rendiTed eminently eonf((Ioi|M ly 
of tin* Kpon** of tlut^ fiwgi, wJij?h wilt 
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germinate \vltorcvor tho conditions of h^nl tuu 

arc favourable, even on a healthy skin, or whnv it in 

only irritatod by a simple smtHi. 

Jtirtf/iuorm, Adwrhni Mtwiilvt* n, thr fungus 
which prpdncoH this diwano on tli jmrt^ of th" 
nkin coverc<l ly hair, lidonfjM h> tb 4 sum- family an 



chapleis of npoivH, as in Uu* Muroriiujsi 1 , but. HM-IV in 
HO true sporan^iuin. 




Thuyaro found in abunrlanrw iu SJM*!^ tf 

tho BulphurHtfiiouml wdiHtnnc^ wlitch 
thorn. If a tikornol of thin Mulwtaiift* in dmilvtNl in 
amnumia^tlMi fimgun in fli^nchftian*l may 
wdor tlio tninrr)HCopo t wpecmlly tf cwv; Jww li*fn 
*o fttain it brown by an mjutsou* wolutitm uf 
(Fig. 24), 
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6JJ 



The mycelium consists of elongated, cylindrical 

nrliculationfl, which find their way aumntf tin* ci'lls of 

the, epidermis, especially in tin* vicinity of the ed^'S 

of the patch, and may penetrate deeply into thr ili-rniis 

Nit?. 2o). Some, of the whortur iihunentrt lenninate in 

o / 



^ 

,' ' * 



t .^^ 1 

^^'^dpfti 

3L&*..i., :''. -vi 





3ft. T 



f Hp<m,% which an* H 
rom ihe wtfiti; thwy ar therefore founct cfeliieht*4 In 
tu'^o lunnljum in Mu> mitki; of tint cjadermie ceJ!^ 
The centra of tho patch i.s m^eupiod hy one or lliot^ -stifl 
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infected haira, surrounded by spores; but-, whih* tin* 
centre is in jjirocesB of healing, Uin fungus extend*; to 
the periphery and continues tu spread. This raised 
surface of tho patch is formed by this para ^i tie growth, 
which forms a circular excn?,seoiwe, aUva^'H inrrfsiiiij/ 
in sixcj whilo raining and thiclci'iiirk^ Hut 
The parts aflccte<l by the mycelium ant 
by a nli^ht suppuration thr<ai^hout tin* patrh; thr 
induratrnl tinnuo is gradually al>.scirlM^l, Iravhijy ilij> 
scars which ]>nnsist aftnr a <*tini has lw<u elliM't^d, 

Tho myci'lium is found on infirtrd lmir/4 Iwtwrrn 
tho coats (if Ihuir bulboun roo(,N % \vhilt* iho nutin'roiM 
Hpoius nro only found h<tw*<*!i Mi* 1 ijtidenum layers *!' 
the hair. 

TluHftmgufl tnay ho hiocMibitrMl in nil parinof tlu 
skin, lut its favour! to .site m tho Iu*iu!, whiTi^ it pro- 
duce fclto diwoHo lontf known *w ringworm, or/^/'w^ 

It has beon already wii<l that fun^t pn-y upon irarh 
otlmr. Thus yl ttkorion ha for a parawit** t'tiwinittfttrii 
A minute ftingiui of a r k ddiHhhrown ct*lour wiiifh H 
often developed on the whitish opid<*rmi(!t Hml**^ whi<*h 
cover tho mycelium on ftwh npftM of 
pammto lias alno boun olawirvml un 



the procoding, wibsiBtw likowim> on nkiii C(iV4.*p'4 with 
hair and produces <me^ fofiiw/Y/vw. 

It in formed of a myeoliuin with tm> m>rtn of 
hypluo, H[>mc almply nuiribivo v otlww with 
separating into cliapl^ta of 
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i, wliich are continually <Mftfh<l (Fi#, 2fi '. Th' 

< *, 

r 

\ , J & 

* **\ : .-;( A-/ ,. <!? 

^"V <J V;->''' <1 V -'/^-^ / 

'V'^/ // v 



('.(Jiuin in oiVn raiiiifiod, itnd |)(*iic*imt f 4 within 

tllw^ espreially at 
of Hut hairn. 

It in prohahty that tin 1 ^ 
laranitic H^'wix which nffi'ctut * 
hi) iK'itrtl, ami 'iifi 

LW, two other ftkini 
> t^ily variitit*H of th* naiu* 
r*. fa fart, < 'orml und 
tanvitn* havi asccrtairi^d tlmt if 




I* tit* 



in fcht^ gbhrom ohitl of A child, it will 
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herpes; and that parasitic hwpos may al* he JHI*. 
(liicod on the back of the band ly the tmnsleremv 
of the fungus from a patch of 7V /im tnnnitrinw. 

The fungus may bo tnmmmtted to ojiN.dc *,-% and 
horsoB, who tlnw become agcntu of thn contagion. A 
fiush study of Iho diHoaHts lias heen recently nwdn by 
an JEnglwhrnan, I)r, Thin, and he also n^irds ii a 
identical with hri(jH, or Titwit t'itvinittn t 

According to this olwnrvnr, tlu* cnntFi;;ion i^ \n*t 
tranwinitted by floating Hpon*H, but onljy by 
cnlact, and especially by lh<* **xrl)jui^5 of bat,4 
cttpH BO coianum atnon^ Hf*hutl.^hildrru, 

KxporiinontH hi artificial rtnllurr itj milk, 
jtaice, or aquemiH htnuonr -show that HIM fiui^u,^ 
ho developed when tlio luiir on whii-h ih^ JWPIH n 
is ontirtly Hubnior^d; n (NTtikitk di^re** of ini^iurf* iw, 
Itowovor, mciMMiwy, which IK probably innw lYiqwatly 
found on childron'n heads, la adulU, ih't tMtlbm. root 
of tho hair is dry<^r botwwu tho folii<*Ui nnd Utr* wkiti, 
Tins parawifco may IK> dwtmywl by fattsin^ AH 
mation of thu part aftVtiitcd, wimsn ih 
tliUB produced places the hair in Ut<i 
an in the culture-liquid* in which it 
covered, and not ttoatlng, 

PityriQuii WMimtltw is proliKi>rl by a 
towoiabling tho foregoing torrnwl 
It growft bctwoou Iho e^lls of th* 
offocte thoir rapid d#mt<mtlon* 
long articulation^ inte.nnixed with round *\wm t not 
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arranged in a cliniilct, but 
is (Fi^ r . UN). Tin- (It'vr 



?']<w tlio 
nt. is very wluvv, 




l*iit thn fiict of itn i 
artificial cidturvH may Im 
Jin tint 
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wo cannot rceognixe any mycelium, and in this par- 
ticular they art 1 allied with the fernienK of which we 
Khali wpeak presently. Tin* fungus consists of round 
cells, which multiply by budding. De Lanessan 
s them an a .separate group, to which h<* ^ivi-s 



parasites of slcin covcrocl with hair which IMIMM'SN a 
Iistinct inyc( k lhim under tli<* nani** of 7V(VAo/#// /////. 
7%i Prlttd? ffiinfjiiH. Pchulc IN aiiothfT ilisin^ of 




un, -lVlA(lf Aingui ! rjiliit iniic i UN, riiJir// *1 mth ^pur* J ' fi'i fl< mi ', 



thft k5n covfnui with hair, which !H ctuiiprt ly 
mi t and which |tn>si*titK tht< 
l. It wottkl, thcrrffu^s l>r an error to 
it flic nam<t gemfrics muiui ^ J//V/v^/*f^'n*/ /^^Vu% 
a fungim of which th^ inywlium w well dcvflop^d, 
if thu ix^mt rifwarcbi'K <f (Iruwitx, to which wt? 
])rcwimtly nstimi, 41 <liil not ti'tid to (show Uwt 
and Tricbophyta an* only foraw of tlio 
])aranittt in difrcront pliiih^M* 

Uir oi* J*01ymnr|ihlt4tt o 
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The pelade fuiiyns develops in the sti|M'rfu*ifii 
horny layer of ilie epidermis, on tin* Mirfiu;*! of th* 
epidermic cells, and in their inti'iMiccs. It iloi-s not 
pctuttratn th* Imir-foIHHi'N, and is only oeeasiunnilv 
found on the hairw, in ivliidi <IMM* it is JitsCt'iiofl to tho 
detached |Mllidrs ff tlu* I'lmh-nniM, not to tin* interior 



'I 

o 




O 



*oo O 



of the.' hair (Kijj* 2>, rK>;, It in 

tho I'ntuirl spores already di'^ribed, whieli 

prodiKtiid by budding (V\# t 81). 

J%* /Vw//^ </ /V///#*;ritw IT///;^ nfmj^ 
wry similar to the fon^oing, ami ia llk^Wlw 



of 
its 
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in th fc horny laytT of tlu* pirlrruds, nti which it 
produce a roughnosw in lh form of dusty jx-Ilichs. 
It penetrates th hair-follicles, Jmt not dimply, and 
only in tlu v vicinity of th<*. point at which tlry i'im i r^i, 
Th< Hpori'H of which it mitinly (MHinistn nrr jj'rally 
of an plon^atrd form, and ^iv** oirhudH, 

\f? to MallasM'X, this fun^iiH is ihr^ 
of ttfojitM'itt ; that !H, th* 1 ^lu'ddin 

Q <* 

,, . r 

000 

e & 

a s & - 




wlt 



liair> and tin* lialdmtHH which evftitually i*tiMiiM 

iL ItnetHm twowayw: (I) its tnw!icu ntid fiuttti* 

plication dwlttt*sfmtp*i tlio ipiUwjlial layom; (*) th< 

fi>rni|pi body irritato th opicU<rnuH t 

H!VO activity in tho ovolwticm of ealKiui 

thu ineoHHAnt d4W|uaintIon which wtl 

Hytaptniii of the dwoAHft. Tho hod<l!g of luilr in rfiietly 

duo tc> obtrttcfcbn in that portion of ihu 

which underlioH tlio urifico of the 
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tins checkH the regular development of the Lair, The 
consequent irritation of the fulliclu produces hyper- 
trophy- thin leads to the shrinking and finally to 
the obliteration of the follicle, and after languWiHix 
for a while,, the hair falls oil" 

Tlmwh (OultMit ^Z/^V<n^).*-- TliiH fungus generally 
appears on the* imicoiiH memhnme of the mouths of 
infnntiH, especially of tlumn brought np by Imnd, mil 
which have been occiiHtoitutd to the- use of a Mirker. 
The Haliva buoomoH aei<l, and tho white pot# which 
tlinwh (Fi^. IH) appear in several placiw, 
on the tongue, the $UMH, nnd tho 
palato. 

Thin plant IH cotnpoKcd <f tw< ehnnentH; of lty 
and of Hpor<^ y which adhere dust'ly to l,he 
rneinlirani!. The spore.H bcenue etrHt^ifefl juid con- 
verted into hyplwi, whir*!* are, he^tnenii-fl nnd ramifiiMl 
an their l(*n^lh increases; nd they produce spores ly 
divinion of the terminal eell, or wiindhnvi ly f,ndo 
fornmt-ion within thr ljypha\ 

Thrunh H<incthneH (meurn in ndultn in 
uli aw phihiwls and typhoid fover, en 
when the patient eatn IiUh* and in Iwp 
nourMiiMl, which in fre^ur^ntly the ciu*i? in MtdiitH or 
protracted illnnXH, 

It is oany to rlentroy tluinh by WwliJnsf tftQ 
mouth with Vidiy wnler, or a mrfution of 
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of ocla> which nttitralter* tins ai'Mily of tin- K|jva, 
It fa, above all, I'ssimtiul Ihut lh* fVi'ilin^ Imftl,*, all 
the utensils eiapluywl for il infnut, j*u<l ili* inlatit 
itaslf, nhoulil do kept, p'HMIy flan; uiul. utifirhi 
natc-Iy, tlu'H condition is IIM> raivly fullilM. i^Mi*ia]lv 



I*' t/ f'l. \ 

_,'-=---v. , n ! 

^ >>". l 'M:| 



l-lg, 4, 
UIUB t tf> 




among this working claHHow in towtw, nnd ilKtri*tM in 
which olilMwn aro uHitaliy put out In mrw> Tin* 
foeding-bottl in UHO in Hiich eai?H iptwndty 
o Hour aw to bo offbniiivo to evory rum who 
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accustomed to it, and mid<r these ftondttions thrash 
is almost certainly developed, so that fuw <*hiidn*n 
escape an attack* It is not generally dun^fTnu.s, y-t 
it may, in nomo casos, compromise tli health, ami 
even cauHu the death of the, cliilfl. In ttddition to caw 
about clean] in row, a littlo pinch of bicarbonate? of wxla 
may bo put in this fi<Mlig-b(>tU; tliis pj^vi^nts tb j 
ruilk from turning Hour. 

Onyclimnj/cfMi^^Tlm diHtw, which attiu-k ibe^ 
nails of men and the, hoofs of unMintfulait** (tho hor.s\ 
the aaH, and tho inults), in caiisftl by a parasitic fungus 
of the gcmuH Achorion (^1. /Y > m7/>/;/^/r//M) l In man if, 
in termed <//?/ w*Vv?,aml it IH a ftmjjfiiH wlmth IH n 
tranwforrod ih^m man tr> Mm aninuilM with 
haw to do, jtiwt as Mwriiw /*'/r</'///o//V of 

from num to (Int ih w ra t, rat, bfM^r, ox, 
H (wit (o rabbits nnd aIliriiMw, 
Jn uni-iinguIairH the fungus JH intnfdiu>r<l intn \\w 
and mip<*rficial Jayor of ihi* hoof throu^b UN 

la ord^r to destroy I f, f Uiis <*xtiTia! 
miiHt bo wnov^cl, and for ^ni^r w^tirity an 
parasitic trmtmmit HltouM f UMIM!, 

^ Thin wrnoily muuiot IK* appihul to Urn liitman 
without aiiHin^ cortNtcl<rahl pain ; y**l ilio imiJ 
1m immd and Meinpod, and dm unU*|niriuiitie 
can tlton bc^ applied. 

Pivmttion nmi (hm fif&tH 

of goiriff to a oontimm \mriwr **> I^vo UN 
or cut mwt oraditoo t 
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Iho fungi which attack tho.sn parts of UK* skin 
with hair; tin* brash, tlw comb, or ra^or wiiiHh 
succoHrfivoly and on thn swim day nvrr hundred* of 
hcaclH or chins mast ntwasarily, if only in *ni* rns* 
out of ten, carry the npotus of tin? pam^ih^ from one 
pernon to another. 

The parasitic dlsnusoH of Un* hair rr i'\trtm*] c \ 
t, and jnwautionM as 1< dlfatilitM'^ will not 
olR'Ot a cure, Tlw mi.\tun*H ^t>ltl l*y Imir 
und^r the nanut of cii|>illary wnU'i 1 , lotion t*i 
oradicnttJ Hcurf, ^tc., should all lw^ rt'ji'd* 1 *!, Kx|nri^rn** t 
showw that wctlin# tho hem I ofirn fnvium tin* 
flevclopinent of tho ftrn^iiH, whiuh nwiy, indi^-d 
ntationnry ft;r two or tlirt <Iay,s imt which 
more vijromuH as noon iw Ui* 1 * hwl w dry* Sulphur 
and it eotnj^mn<lH aro HU^ccnsfnl in nurh row**, JH 
woll aH in the pantsitic tli.v;asfM of plauK It would 
IKA Inmt to apply thtH roininly in th form of a dry, 
impalpable powder, an in thu application of milpfmr 
to tho vino, hut thin cannot )m don> without in* 
convenience to which tho (wmm* afKHr'fl d not 
readily mibmit; it might, how^vt^ ho trinl hy thimi* 
whose hair i natiimliy Ki^axy. hi oklutr mm*% mid 
specially in thtjo in whicth tho hair IH dry, a* it 
uwmlly is in imruoiiw affwtol hy 
potnarh;H ituiHt. ho tiBO^ although it han 
htii not proved, tliat fatty anbitftncas ai!V>rd 
to tho fungus 

However thiy may he, the ponuulu fur winch 
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subjoin the recipe has been very successful In 
riaais, and in all the infantile forms of ringworm, 
including that which occum in teething and which 
may be safely treated, in spite of prejudices to this 
contrary : 

Turbith nnnoral (tri-imwurii* fml|hni(0... Ho 2 jrr/*. 
Junl ... ... ... 15 yen. 



Thin ponmdo is lemon-coloured ; it will aasmw a 
flesh-colour by the addition of a fow drops of rwl 
litmuN, and may be eeiitcid to the tnnte of the p*rww 
who in to make UHO of it In ordinary caws of 
pityriamB, it need only be applied vry i^ight or 
fifteen clayB. It is indinporiftiiUc to wawh Mie eonilm 
and hrushcB in a nolutit^i of potash f>r nnnnonia, i<^4 
the benefit <f tho treatment should ho lost by re- 
infection, In tho co4* of tniu nn^worin ^wpitdaily in 
ndults, a inwh n(/ro cncr^'tif! In-ntnii'iit Is 
for which medical advice JH rui 
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OHAITKfl IT. 

FKUMKNTS AN!) AltTIPUUAL 

I. WHAT is FftiMiKvrATifiN 7 



OHKMIMTN <Mm* formiininlinu in thin** wurdrf: " I'Vr* 
mentation tak<w plaro wlt^nsvor an or^atti^ rtnjiuiMl 
niulttrffouH ckaiijp*Hof cotujiohifiun, tiud^r the inflttMiiii 
of a nitro^nouH orgatue HiiUbim^ willcil a /f rmtwt, 
which aotw in Huiall quantiiis mul yields nurhiny to 
tlio fortnnnbui HulmUfUH*. 1 ' (A. OuuUor) t 

Thin nitrofffnoiiH Httlwtamw, if*raif*<l a f^rini*n( t in 
n'gardtul by naturalinLs an an nr^imtxt'tl living l**h% 
oithor animal <^r vo^olaUo. Thm witw tlriiumHtraij^l 
by the roiearehwi of (%nani ilei La Tour, of 1*urfiri, 
of JDuman, ami inoro recently hy Uio iijK*nirMl AfrliiDVit* 
monbi of Panteur, It in now pruvwl tltnfc th<^ artificiul 
fennunttttion which teku placfj in Uio 
of wine, bo^r, etc-, i productcd by wnali 
plantn, eallod formentB or ycn^i 

Tlift ohomieal tnuutfbrmatifm rtmtilting ft-uni tlwm 
might bo obtained without tho intcrvcntiua of 
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properly so called, cither by means nf a 
substance of animal origin (iSerthclntj, or by other 
chemical and physical processes which we shall 
presently mention. But it maybe questioned whether 
the nitrogenous sukstanee of aninml orijjfm, which 
Borthclot considers to bi* rh*a<l, ilt^'s not contain a 
living f(?nnmt This is not ailmittwl to be tin* nsf 
by FxV-hainp, wlicwo thr.ory will In* ^ivon furfbi*r on, 

Whenever f<*rnuntatioit JH proiluci^l oh*ly by llio 
influenco of physical anl <*ln*iuical a^imi}*, tli action 
is very Blow, But it in, on thn othor band, vry rapid 
offeeUul by living formi'iita or yta>*l f nnd it in 
much IUHH ccwtly, MO that tlwi latt*r mod<f c*f 
fVniicntation in prutmvd by tnanufftctiirnu Y^awt in, 
therefore, tbo tru a^cnfc in artifutial fitriuftntutioiiM, 
All HM Mtu'tihariin 1 liqHuls wliii'h <iiniitk ^hifr^o or 
u su^ir, or a su^ir which can bis tnui^funiMfd itfr> 
un<l alwo nil nitr'<^nnUM Mub/Jnncr.s, pbn^ 
uH, nnd nnimotnacril wilts produce atroltol ni a 
k'Mpuratuw varviii'j ln-iwrcn 27/* aiui IW, and fch* 
ycawfc <^f beer (of vvhii'h the Hpons arc carried 
tlu air) appear* and is tlevcloped nfc tho Mitue 
thin occurn in tlm juici* <*f ^rupe-H, beefnM, 
cano, i'te, ThM aleirholw liqtiids UHIH pnwltiwd 
then Hiibjwted to clhtilhtiiuu in ord^r ii 
alcohol, Tho tran^fonitation of o-Ujobot into 
IH prodiicwl by imotli^r ferment, 

FormontatkmH ar* very tontmon in rmtnro. T| 
tf ugar lnU^ Ittctk; tMatyritt^ and 
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eaproSo acids, undrr tho inflmvnr** of 
mibHtanet'H and of tlm air; tho chun^c into <*im*u*' 
of ^UIIIH, of starch, of dextrine, of sucrose, and nwnnif* 1 ; 
the traiudormation of thfHt* mihstamv.s into HU!I otlur 
under the iuiluonco of living ap'ntn, or of 
bolonjjin^ to a living organism; 
of Bitch glucosidoH as po{mlin t walh'in, tannin, (tr?, f 
into wujfiu*, or into neutral or <<*id KuKsfcuiccs ; all 
tliewo ph^tioni^na urn ftuin^ntatinnM (A. (iauih'r). 

We may 4vu #o frtlir. Tho grnuinntion of 
seeds and the ripening of fruit an 1 aecfwipnnitul by 
phcnoiiiona of tint mum* ordrn In animals, gastric, 
pancroatic, and uttostitml ili^fwtion, ti^HliMr with 4 
changes cotmfict<rl with nutrition and 
which toko }>Iaao in tho blood and in ail tli orjcpum, 
may b<s conwidortul aw tmo fi*riunntationH, In UIH ats 
tho ecllw c>f our tiHHtiH and th blood*corpn?4<'t*H play 
the part of yt^ant in effecting 1 aUNiiml 

Finally^ tho itnaninati^ virulent, and 
diHcascH, which wo nhall ntudy In anotlujr* 
arc alfto canned by cliangoH in thn blooil and in 
other fluids of the aynteni, and ^houlrt \ 
aw formtmtatiorw, prodnc<id by inlnnto 
organiHtnn analoj^oun to fi'rru^n(H y arid which ar#, an 
w<5 whall prcHontly Hhow, liaeii)ria or microhm, wtrkstly 
HO -call od. Tho putrefaction of dead bodies in aU> 
a furuicntation. 

Wo hall in thi* plaoo, only eonnJdw tho fennen- 
tatiutiB which aro usud in manufaoturmu 
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H'tntory. The precise knowlmljr*! of the nature of 
fermentation i.s of comparatively remit date. Tin* 
ancitmts, indeed, seem to have had an idea, however 
vague, of thin phenomenon, whieh \vas in t!iir 
witli th urronpouH thury nf s]ifjnfi 
W* all know the fnMij of th<^ IMM*H, 
from tlts putrefying body of a slain hull, whirfi 
one of the chief episode** of the MetaniorpliMHtw if 
Ovid, and of the fourth book of VirgilVi (Imrgw*. 
AriHtotlo nays that, by lueann of hoat> owe livinjj biin^ 
may have its birth in the corruption of another* , , , 
Fermentation in, in fact, alwayn accompanied by an 
evolution of heat Thtj ame idea won revives! in the 
Middle Afl*w f and during the, Rt*naiHsance by alelieniistw 
and pliy.sieizuiH. Van Hehnonl, who lived early in 
the seventeenth eentury, #HH HO far a^ tunny,'* It is 
true, that a f*nuent IN Hoiueihnifs HO iiold and enter- 
prining an to form a living MHR In thin wuy, 
lice, nm^fitH, and JIU^M, our listMiemlen hi tuUi*r>% 
have their birth, either within our bodies or in our 
uxtwimmt You need only elowe up a ve*Met full 
rf wlwat with a dirty whirt, and you will wee rnU 
engendered in it, tho wtmne prodiu^t of tlu* muull 
>f wheat and of tho animal fenneul aitoc.'hoi| to tiw 
Hhirt/' 

tlteno Hin^ularly mnh and purely fanciful 
which show tlutfc hnngi nation Wan allowed 
;n thoHo <lay?* to play a nmch too Important 
,tt nattiral neicneo, w^ flud a tlmoiy <#f the 



70 MICROBK8, FETlMKXTfl, AN"I> MOCTUW. 

tion in putrefying bodies which would not la* rejected 
by modem naturalists and c.hcmUK 

"After death * . , the foreign ferment n, which an* 
always intent <m change, am borne thmuirh fhe air 
and introduce corruption into dead matter . . , nf 
least, unless the flesh is cnmbinrd with nrlain MI! 
as Hu^ar, honey, or snlf. If is, iheri'furi 1 , 
Unekin^ whatever nmlier is <lrpm<'d 
of lift 4 , whidt disintegrate and piepare it to ren*ive n 
new soul (or fmsh life)." 

Linnaius, a#ain, ,sayn that "a certain nun'er of 
diseaHen result frt^naniinaled, invtsihlr part ides, which 
are dispersed through Un" air* . * /' iSorrhave, in HI!*.*!, 

thrc( kinds of fenueutatinn : 
H nnd putritfactivc,. IJut wtt uniss 
to tlw lw(!nninjj[ of this century in order tu lind more 
<icifmitcj idtiiH nssfiertiux ihe. orx'tnic natttrc of ft*nucnt-4. 

In 1HIH, a clunuist called Antier averted that 
ovory kind of #enu from winch fcnncnts pro<'e<d in 
catruxl \y the air; that this fVnuent, <*f itttitiml 
nature*, is alive, ami i nourished at the ^xpenHc of 
tho sugar, and henc(& results disturhamu) of thti 
('equilibrium between tho elements uf su^an 

Hu)me<juently, in 1837, C!a#nard ile La Tour r|c* 
tilarod yenst to bo a collection of {(lohultw which am 
inultiplte<l by btidding; ami in tlw foiluwmff 
Turpiu <lt!Kurib(S(l tho yoast of lx?or as a 

oryanisrn^ which h< turnunl TttrttlM 
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Chemists wore at iirst unwilling to admit the 
inportant part played by yeast, in ferment lions, ami 
n order to explain it, they assumed tin* e\Mrwe 
>f a very obscure phy.sifto-ehemical 
dionomonon, to which the nann; 
f mir/?//M/X or action by pre>ene* 1 , 
van given. But in 184CJ an illus- 
'rious French chemist, Dumas, 
learly explainnd the i>hymoli>mcal 

J * * J n 

unction of the living fvnaenfc, or 






ho writew, " ar nlwayw ih 
anna of the aic onler a thonc which charnritct 
.he r^ular artctunpliHltmcaLt of tho ii^tM of anhiml 
Plioy take jioHsimHiou of ootnphtx, organic 
Ml unniaki*. tluau Kudrlcnly or by ( 
lu*nt to (hi*. inorj^ani<t wUitn. Hovpr 
uc.ntatioim arc, itKlrcd, often rocjniri'd t< 
otal oflVtit. The, ferment appear* to le an 
wing ; , . . tho part played by the ferment in player] 
>y all anutmln, anil ly nil but the jjpwu pnrt of 
)lants. AH these lM. k in^H and or^nun connunie 
ulwtaneen, multiply and renton* them to llw 
brnm <f inorganic chemistry," 

Finally^ PaHlimr'H metnomble lAlitinrH, whlrf* h*i 
to jHiblinh in 1857, confirmed tlwt liew tltwry 

fi^niumtiition, whii'h no nno now doubb, 
that avtftiy formimtathm ItaM it?* Mined'fltt 
n all fmacuitationM in whidt tho piwimoo of an 
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gankcd ferment haa "been ascertained, that fi*rmont is 
necessary. This min uto being produces the t ranuft >rma- 
tion which constitutes fermentation by bn*athin# thn 
oxygon of tho fcubntancis to be fcnwnli'd, or by ap- 
propriating for an mutant tho whiJo Huh*tanw, tlun 
destroying it by what may be twmwl the* 
of the fennented products. ThrtMi thin^H nr 
for the development of tho forwent: nitrogen in a 
soluble condition, phosphoric aiciil, and A hydrocarbon 
capable of fermi*ntation {KiuJi IIH ^rnpe HUjjar). Finally, 
<very organixod fVrnioitt of f(Ttiu'ntiLti<!i or putrrfuc- 
tion IH borne about in tho air, an uitiy bu .shown by 
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Yeant, or fcnmrniH, are in tlmir 

allied to tho fun<j;i of which we npoke in tho 
preceding chapter undH' tlm luuno <*f J/iV/vm/^/Ym. 
Many botarilslB ntill awi^u thoiit to tlu clfuw of fttt^t 
uiulor tho name of Skuuilmrwnjicetvti ; yut aw tlmy livo 
in liquids, or at any rate on dump Hulmt*mot% ttko tlm 
AIga\ which are HpocijM of vvator-fun^i, it w now 
ahrumt agreed to place thwu in tht* nauu* <tat<^oiy a^* 
thts latter, which they roHitiiihla in tliwir wboltt 
mtion, except in the alxttmco of chlorophyt 
lant charactorintic^ the only one by which they &f> 
proximate to fungi, in common both to tltmn and to 
inierobos or bacteria, vvlunh are only foniuvnU of 
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smaller flize, and which arc now also placed in the 
class of Alga*. Wo shall return to thi8 Huhjret when 
wo come to wpnak of bacteria 

The structure of fcniM'nts is wry fdmplc : each 
plant is generally composed of a winkle Cf*ll, spherical, 
elliptical, or cylindrical, fonwil of a thin cell-wall, con- 
taining a granular wibstamw (Called protoplasm, which 
is tho essential part of tlm plant Thews Cftlln have an 
average diameter of ten micro-xuillimotrftf. Tlny 
grow and liul, and wh(*u rme of them reaches a cerlniu 
Bixui a median countm-lion occtuw; it divides into two 
parts, roHoinblinjf tho inotlu;r cell, ami thec 
timo woparato, wmnt!iniM remain uniti^l in a 
or ehaplet (Fij(. :'"J. This inotlc of imiltiplicntion 
continueH aw lon^ KH tli plant ivnmins in a liifuifi 
favourable to itn nutrition. But if ita ilcwlopin^nt IH 
hindcwd, if, for exaiiipbs tlin liquid diias up, thi* pro- 
toplanm tunMnvd In viusb t?*^Il contract^ and in 
tiuttHformwl into emu or mrmi glolmli-M, which wv 
the HporuH or ondo^uioun reproductive or^anw of UK 
plant. Thrmo Kporim may nnnnin m>dov* > I<*pf}<l for 
a long whiki, may Iweonu* porfectfcly dry, mid may* 
ovon b Huhjitctod to a very high t<itnj^mtun^ witliont 
Itming tho powor of gontunatiuti whim llwy aro 
placed iu eonditionB tkviairablo to ilieir 
They then reproduce the, plnnt from whidi tl**y liml 
their birth, and are multiplied in UK* wuno 



* For fitrtliftr ilriiAilfi cm *iriit*jnfe and JtamwiUifaiiit *** 
on 
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III. WINK FKUMKNTS; Au'oirnur I\KMKNTATION. 

The commonest ferment of wine* is, aeeordin;* to 
Pasteur, tiitt'rltawiHt/i'f'A tjltt/Mittlt'"* "Ki^ Wi 37, JW;, 
which must not he, ewifwinded ivith Kut/Jn^N 
HMtvHN tfinl, sinc^ fh<* laft^r luw nnthui;^ tu <! 



I ij, 'Hi Min'hHiiwtiur,t >1 it " ift i , 'ilM ' t iiiHii, id |u f " iJhiith 

^ ; .'fU itltilll ( 

with alcoholic fenuentiilion, This (Vnitenl, i* 

cm tlu jLfrajM^ and IN ihus Jntro'hierMt Info tin* ferment- 







of (* 



Tlu\ adult cfrlln are of an iHi|tic form* and 
H!X ruwrotmllimei,reH in length, hy fimr <>r fiv in 
They hud, arid am repnMlufjeiJ ht the way 
already indicated, which in common to all 
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Sacch. PunturifDinn (Rer*s) is pro] ably only a 
variety of tlio foregoing (Ki#. 3!);, diHcriiitf a little 
in the form of tin; wlls, which ant elongated, pyriform, 
or elul)-,shapcd. 

Lastly, Hdfclt. foittiluiiu-rafun is somewhat nire, It- 
is found iu th*'. #r;ipe-must when fermentation is 
nearly over (Kijj; 40), It Ls so fnlU'il WaiiM- fliij ni-\v 
cells ani (ton^lonteraii'il, insteail of Ijein^ arranged in 
a chaplot. 

We iniiHt now notice, Uin other fi^nneiitH which 








ani fouml, like thu.se ^iven uhove, in fermented Hv 
and which may also pr<dtnt(t dm alcoholte fermenta- 
tion of wine, Htih IH ,S'r^rA. nr////f^ rKijf, 41 , of 
which the ctills are much wnudler than in the fore- 
Koin f incw tliey an* only three mi 
by two and a half mierfnuSUimettm 

The ftpiculatft finnMit, of which Bn^l 
a HO|iftruU KHUM, undur the namo of 
<9pwidttta t in the* iikjoh(t|jrj ferment winch itfipc&m to 
I* Ilia imwt widely diffiiHoil in nature (I% 4*). It 
is found on all kimte of fruit, rwp<*e!*Hy 
and drupoH, iu* well as upon intuit of the 
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which are in process of fmuontation. It has ]iknviH) , 

joon observed in Be]i,, ni ,, 1|1W . Ifc it) ^, 

tiittoa 1 , I Krn,,,lUnnn, 1 . nmsh. lu, ,,,. is 




to 



hko 
ticw of tJittir lai^o axLs, 

In th,, fnnH.te 
t,>olh,H. with AVr,,/ 
ftrunt iom, which i 



a,-,- 



of 



, fln ,, t 

,,;,,' 



W muHfc alHo mention 



aI,,| M ,H ft fmn ,. nfc 
f|,, w , int( w |, Wl wm .' 




fcho white prilielfl ofltm tmm on boUtcd wine 
'igs. 4, 4-1). ftwtour IINM shown that> under 
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circumstances, M'fjwHh'rmtt. rinl can produce alcoholic 
fermentation; this in riwily shown by adding it to a 
saccharine Holution, in which it soon produces iVnnwita- 
tion. It appowH on tlie surface of all nh'oholiu liquids 
which arc exposed to tho air, when fermentation in 
over or nearly owr. Its growth IH vury rapid ; a few 
cells *iro enough to mver tho Hurfncu in th<j course of 
forty-flight hours with a thin whito or yi'llow pol- 
liclo, which in at firnt smooth, an*! thon wrinkl(!l. This 
implies, acc*>rilin^ to En^<4\s oHthnat's that a nwylo 
ctjll has prn<luiMl JJ.1,000 othcrn in this short thna 

Mc^Ht of tht'Ho (liMwnt fornin im proIaUy only 
(lifFonmt Htn^^H <f 1t*v*Ioinjn*nt <^F a linuttul nnnil^r 
of Hpftcirw, Hitn Itu'itifjjitK aro an polyiiiorpluc an 



Wo liavo waul that Iw^fori's thiy aro found 5n tho 
nniat of win** or IVuitH, the f^rmiaitH funk**!* in a 
dormant Htatn on Urn <*pidonm# of th fruit, by whuth 
ineann they aro intnKlur^fd into tltn Iiijtii<i about t(? ho 
furmontol Wo HOO how* thu Hpr>n%w aru tmHj>ort<*<l 
through bho air until thy rsfc <m tlnn ilowny nurfaeo 
of a drupe or berry. Hut it ha lwn imkml what 
bocomoH of thiw i'ormont tnttwwn la^t ywr'H vhitago 
and tho mic($oc<lin^ HtirnnuT, and in what way it 
paHHOs the winter. 

According to Hamtn*ii nwcfarah 
which i% for InAtaneo, found tijw>n 
wniditMl off thorn by tho rain, dLspdmsd by the wind, 
and falls to tho ground with Urn fmit, where it 
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remains buried through the whiter as a dormant 
spore, in order tr> return to the same, fruit when it 
has riptini'd in summer. It can only 1m borne 
through the air when tin* ground is Completely dried. 

In the same way, tin? fenmmts of wine, after 
having passed through tho bodies of am*n and animals, 
pans the whiter on the, dnujrhwip. This revelation 
may nnt b<t pleiisiujjf to <lnuikar(Ls, btit it will not 
Mirpriwo tliose who an* atrfjuuintHl with the habitat of 
tfryjitojjaniH in general, and nf ftinji in paHicular, 
IJivfeld has found thi'so fermeril.s <luring i.hu wiuter, 
I'Hjiecinlly in tin* excri'im^nt of herlivi>roiM animal^ 
jiii<l on the dini^'henp, 

Tluj jwumfacturo <f wine IH tno wHl known to 
i"e((u5ro (h^r-riptu^n ; wcj need only remind our readers 
that aleoholifs frieniatinn issMt^ntially coming in tho 
t,ratiKf(rinatiin of glucose,, or j^rape-Mi^ar, into aifohol 
awl carbonic acid. Tim latter, jflvi'ii oil* in the form 
of gftH, products tlut ebullition or HfiTWM'.rww which 
haractri(iH fermentation, and to \vljieh its ttatno in 
dm*. Sugar or glueosr* is, therefore, iln> 
nutriment of all y east-plant H, and UIM 
dement of bhoHci formi'iktatiuiirt, of Mr, bwur, antl at! 
ftjnnonted liquors, an well ftH of wine*. 

IV, DtfiKit-YKAHT. 

The yoat of boor, or tfuwh, cercvlww, WAN tha 
earliunt known and the mont earcftdly obaorvod of 
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all the iVrnicnts, and may IK? regarded as tho type of 
the family. Its c<*Ils are round or oval, from eight 
to nine tniero-milliiwtres in thiir loiiyest diameter, 
isolated or united in pain* (Fi^, ?J5), 

When these ci'lLs are deposited in a Haceharino 
liquid, whie.h is therefore sustvptihle to fermentation, 
vesicular swellings, iilli*d with }>rui(;]>hiMia at tliu 
of tin 4 inulluT n-Il, n\n \M ol>s^rvid at one 





or two parts of tht Hurfar^ of fclir c<4l ; tlifw* Hwd 
incriMimf, acquirn llm !/., of tlw motlu'r f: i il and 
eoutrndi nt their lm,s (Ki# i*>j. They j^einsrally arlso 
on thh Hjih'H of th<* ci'll, won* rarely on its fxtrwnitkin, 
TJio new (ii*llH thus formed won HPparnto troin tho 
tnuthnr cell, and t!i<? protoplasm #iven up to itn off-* 
by th<* lattt-r in replaei'd hy on<4 or two empty 
t toniuut yv/rrwoftw, When ycra*st in not in a 
liquid HUHceptihk* to formentatioi^ it cim reutnin for 
a longer or whorter tlran without modification If 
abruptly deprived of all nutriment, And twjwflklly of 
HUgar, and placud in a Hiiilicie.uUy moist 
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spores may "bo produced (Fi#, 40)* It in rather 
difficult to perform the, experiment with success; tins 
ferment must bo frequently washed with distilled 
water, a,s it may otherwise putrefy, inleud of fruc- 
tifying (Schutzenber^or), 

Let UH briefly describe the process 1y which tho 
fermented liquor tennerl bmtr i olinhi(ML The barley 
which flonwtitutoH itn eHnential principle <lot^n not 
contain Kiijptr; but when it has ;enniimt(*(l it contahiH 
a Hubstanco termed r/w*Aw ( under tli*; iatluenw of 
which thfj wtarcli of bnrKy can bo converted into 



Tho l>arl<% which han Imt^n tm>LstfWii in <nlr to 
inako it nwoll and ^enninats IH nprend in a ihin layer 
on hurdlcH, afc a tfirupuraturtj of about 15"; thm opem- 
tioa IH call<l iunltm*j;. It Is generally perfonrMwl in 
spring, in order to <mttimi tho iwwiwsiiry wannth 
and inointurCi arid March boer IM connidererj tho ln*Ht 
When thtt Hprout attainn to two-thinls of tho length 
of tho grain, gennination in arn*Htecl by drying tho 
grainw on a niovo, and they *n then ground to 
powder and laconic nmlt Thin matt IH then Htotiporl 
in water at tho tomporatot^ of 60'* and by tlw 
action of th diAHtnuo tho Htarch bwoim*H 
Thi Eaccharino fluid or wort XH IniiJed with 
whicli aro now addo<l not only to #m> a bitter and 
aromatic tantc, but also to pronnrvo it Thin infusion 
of malt and Imps in concontratnd and csoolw}, and beer- 
tho product of previous operation^ is added in 
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order to establish fermentation. The yeast is procured 
by colluetintf the swim of fermented beer and straining 
it into ba<L{H. 

In Bi'ljjfium, the wort is allowed to stand until the 
spontaneous development of fermentation takes place; 
but in France and (Jermany the, ferment is generally 
added. In this ran*' two methods are, in use, fermenta- 
tion from above. and fermentation from Mow; and this 
enables us to distinguish two kinds 
of yeast, that of superior, and that of 
inferior beer f Kijijs. t,"i, 47). 

In superior heer, the naecharifica* 
(,ion of the, starch of malt in effet^d 
by Huwessive steepingH in casks nt 
fclw relatively hi^h temperature of 
from 1.7 to 18'. As the yeast is 
formed, it gradual )y issues from the 
bung-holes in the tipper part of thn 
eosk ; hwttw its name, In Kn^fuiui, 
are iwed: tho yeast risen to tint top, and w 
%vith wkimmem 

In thi', manufacture of inferior bwr, Hawbarifint* 
fcion IH t^R*nU*fl by 8tf'<f|tin<j[ tin* malt in *JNW vatn at 
thi^ lowr toitpc*ruturj of from li" t<> I If. Tin* 
yoant is deposited at the bottom of tho vats in a 
doughy nud torkmnofm IIIIWH. Wli<*u th; tlfMt and 
most futtive. fttrmeMiafcion m at nn end, the clenr liquid 
i drawn off and put into (siwkfy Ijoltk'*, at* 
an tho Hupimition of the, yi^vst in not >vt < 

ii 




open vats 
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it continues to ant on the unmodified su^ar, 
production of fn ,sh yeast makes the liipirn* thielc, and 
tliti amount of alcohol and of rarhonie n< j id increases 
in accordance with the time for whieh it i.i kept, aftei 
boing bottled or put In tjloNr<l casks, 

Tho luanufaoiuro of most finn i nt(*il HIJIUH-H 
iTKoniM^ss tlifit of wino <>r IM*(*V; tliat of HilMr is vTy 
shuplo, and conHtjqucntly approxiinaf^n f< th* matin- 
fadruro of \vina Tho ajp].M nrr cut and rru^uul, and 
remain in tho vat,s until fermentation in over; ih 
li<{nid is then separated from ilut Mfiid rcsidiu;, and 
into casks or 



V, (lo.S'CKUNIKO HOMK >TffKH KUHMKNTKI) 



f nKn are many otlwr fermcMtted liqaorn made in 
varioim coimtrioH with uhsianc*n d<,trtv( k d from ihn 
nuiuial w V(getalk kingdom. 

In Franco, cidor or porry in HoiactiuiMH made, from 
IHsarw or cnU)-appIe,H, 

What the French call bolmMQ an* cheap fermcmUul 
JhjuorH, prepared from dried misinH or aromatic Hub- 
HtaneoH, mich an the <lri(t<l fruit of thu eoriaiuler, fa 
which watnr Bwecjteiusd with treaeh* is a<ld*Hl Fur- 
imsntotlon IH tiaually elected hy ^e.rnm Ijormt by thu 
air, or hy thcwo intrcHhicod hy this floriiutitor nnd tho 
othcjr in^rt^licmtH of tin* liquor; or it may ho hant< f mtil 
JIB in Belgian b(*or, by tho additiim of txwr*yt*#t or 
Jt IH eflbtttwl by tlu^ tmn^nmilQn of 
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the sugar into alcohol ami carbonic arid, and this con- 
.sfcitutes an aerated drink, which is very n^recable wh<n 
well made, and especially if it has been cart-fully 
bottled before fermentation is over. 

J{ott f tii.!w is made of soured and fermented mare's 
im'lk, and is much useil in Russia as a refreshing 
drink, from which an alcoholic liquor may he distilled. 

Many kinds of brandy are made from the fruit < 
and Hewls of <liilerent plants, A*//wA^v/^// is the 
alcohol produced by distilling cliorrien or ^eannj rum 
in maths from Hiiyar-cane, arrack from rice,, (Jin, 
distilled from tlw juniper-berry, in largely consumed 
by the labouring cla-sHas in Knglnnil, an corn-brandy IK 
in the French drink in*j-s!io|i. 

Malay and i^olyncsiati rswc-s prepare 
liquorn from tlu* Map of various plants 
Sutth in j!v/m, matUt from maHtif*ate<i rootH. and steeped 
in an infusion of /V/w ti^'lhji^tlt^un. In tlti> ease, 
the, jttstdint a fe,rm<*nfc contained in tint human 
naliva, tran^formH tint (V.ctda into a nu^ar HUHeeptilfli^ 
to formentfition, Tha oprat*i>rH nit round a large 
veHKel containing the rooln Bt*?t*ped in water, and 
man takcH a piece, which ho wiLHtieatw couw 
until it iw Kuttuuently tui|>rt^iab,ul with thi* nalivary 
fe.nwmt. Thin PI'EKH^HH in revolting to our i*Iea and 
few European* wotihl touch a liquor whieh IUIH |>r^n 
in Hiu-h a way; bub thm in doubtlenH an 
prejudice which would nut oeenr to a native 
of Oceana, 
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The dragon-treeH (Dmmw/ tmnhwH and J) 
Aiwtralis) also possess a feculent root, from which n 
fermented liquor is extracted in tho Mum* wanner by 
the Sandwich Islanders. 



VI. THK LKAVKX OF liiiian. 



Broa<l is leavened in onlor tr> inalca it porous and 
uioro rli<;<*stiMii. According to Kng**!, the tiiicroho o!" 
hakia'n yt*ast is >S'r*rcA. i)uwn\ rt'Sfinblinx that of lw*ir 
yoasi, only morn minuti*, ilost of tho y^iists 
wo havs examined ormtain a ^r^at VHrity of 
Howovvr this may hc\ the fi'.niu'titaitou of 
oUuir fermnntationH, H<^H friM* carbonic arid J^HS, and 
thin raises tins douyh and makcrt it light, 



CHAPTER III. 

H, HTKKJTLY HO CALU'JD, OR IUCTKHIA. 
I THK VKUKTAKLK NATITKK OK 



Art wo, hava H k n in the {wedding chfipfa'r, then* in 
no well-di'fini'd limit hutvvmi frrmcntH and bautwia, 
uny morn than, Iwtwct'ii r^nru^ntH anil fuiijLfi, op, n^uii f 
Ix^twi'nn fun^i and baefitria, Thi-ir Hinali^r wxc, iw ilus 
flilR*rf*n whic-h wjiarat^H Imcicria from 
hiiifto in othrr pfHctH tluiM^ two danHifM an* 
for Uio inoHt part alik^ in furni and organisation. T!ur 
are bacteria of IIIP^M H!X<S wticli an fayttMriM Inn^nll^, 
H<* fii^iuontiy found in DIM mouth ovn of a lit*alUiy 
man, wbicli iriu<$h r<*.sctubl^M in Itn mo<lo of 

of tbo lownr fun^i, Hticb an Ohl!*t/ti* 
tho latti*r in rc^imiod an a funguM, and tlut lonner 
IIH an algn by our tamt crj^ptofjautouw botaniwte, Jt 
may, how0vir y IK* wuid that tb^ two crlnfiwti of a%e and 
ftmgi AIW cr>tmotiHl with cAch other by tlioir lom*r 
fomuv and proi^bty Jmv a eomnwm origin j jiiMt a$ Urn 
two gtmt organic kingdoms aru cormeettHi by tlu-ir 
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lower forms, which have heen hy HOWS united in tin* 
kingdom Protista. 

Microhes, or bacteria (>SW//:f^/////r' or Mhtititifwhtf, 
appear, in liquids examined under the, inienwMpe, as 
small rells of a tfpherieal, oval, or c'ylindrieal shape, 
sometimes detached, Homotimes wilted in pair,*, or 
in artifMilai^l rhnins mnl cliaplrts (Kip;. 
4iSj, Tins (liiiiucfi-r of lln lar^\4 of On*sr 
c*'lls i ti\v<> init'ni-iuiHiiiH'iH'H, nnl that 
of tint snuillcsti Ls u fourlli f*f that Hijcr, 
KO that at least, 500 <f tin* former and 




to ejifl 111 Ol'dlT In attfthi thi IffJlX^ 1 n ' 

..i> , i*if i* i it i 
a tnilluui'tni. itix thcrrlur** phttrj that a 

' jL( power of fiOO to HH)0 *lia- 



or ( v \*e,n .still higher, is reiptin-d to mako 
clearly vinihlt) under the itileroHeope. 
(hie vury eoTtimon biteterium may Iw found i*v*ry- 
whero, and <*an b(r easily protnireil for niieroHeopin 
olmurvation : Ittwfn'iit'tii /^/'//*r;, or the mierolw of in- 
pun) water, Thin hacteriuru iw not mjurioim to health^ 
since thorii in no potable water in whie.h it in not 
Ibutul in greater or lesn (pmntify, I unl**r to nlitain 
uumerouH specimens, it i emm^li to titk hlf a j(la^ 
of ordinary water from a spring or river, anil to 
it for xnmu dayn on a taMu or <hinuu'y-pie<H^ 
vtiHxttl hoing nncovimul tr> allow ttu* aewsH uf ain 
may Hoon obncrvo that a thin coating in fonniMl on 
the BUtfaca uf the wator, which look* like a deposit 
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of fine <lust; this dust consists of myriads of bacteria. 
If wo take, a drop of this wafer and ple,e it under 
a cove-r-fjlaHH, in order to examine it under a micro- 
scope with a magnify in# power of ahout ."MO dia- 
meters, we .shall, as noon as the instnnwnl is 

*o a n^a-ily KurjH'isiiiy sjx^ta<*h k . 
Thtj wholo field of th<t inic.rowioiic is in 

of hiU'ltiria, rescialilin^ minute 
an. s\vinnnm# in every diiwtion with an un- 




dulatory motion like Uiafc of an wl or hitakp. Sntno 
aro detarhed, (^thnrn tniited in pairH, oth^rH in 
or chaplittH or cylindrical rods wliich are 
or articulated (Ki^{, 4J>); tli'i* aw only I<*H mature* ir 
younger than tho lirt finally, wo Ktj a multitudoof 
.small glolmleM which result from the ruptiim i>f the 
AH them* fnrntH reprnnent thti dHforottt 
of Mmtrrutm faMt&t or the microtto trf" 
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putrefaction. Those which are dead appear as small, 
ri^id, and immovable rods- 

In observing the lively movements of these minute. 
organisms, we might lie tempted to regard them as 
animals. But we know that movement, taken by 
itself, IH not peculiar to the annual kingdom, Wetting 
aside the movement which ean be provoked in the 
mimosa and in many higher plants, it is well to 
remember that many of the lower plants at 1 ** capable 
of motion: this is the east! with /J/WoMriwr, iu which 
the presence of chlorophyl ineontcHtably proves their 
V4 k getahle nature. The spores of plants of a much 
lusher organization, such as ferus und mosses, have tl^ 
power of swimming in the water, just ,s biieteria 1 
has procured for them the nmiio 
wgh many of them contain ehlorophyL 

The movements of liautwia aro, likn tliiwo of 3000 
*) due, to the presence of vibrutin^ cilia, which 
an* inserted at both extremities, or only at the hinder 
nxtromity of the microbe, and which form or^ium of 
projiulsion analogous to the tails of tudpoles, TIiowi 
orffiuiH aw very transparent and are difficult to HQU in 
the, living subject, even with thtj ntrongeHt mn^nifyirig 
power, on aceotint of tho rapidity of thoir movements 
Hut their existence has Ixn^n itsei*rtained by the use of 
wtwning lluul, and al>ovo all by urir.ro photoymphy, 

If, however, we analyse the modo of motion iti 
Stwtpphtui /wwM), and eomp*ire it with th movement* 
of the ciliated or flagellated infusoria whiuh may often 
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be seen swimming with it in the field of the microscope, 
we are struck by the difference. Infusoria come and 
go, Bwiftly or slowly they go buck or move to the 
right or left; in a word, their movements seem to bo 
actuated in some sonsiu by tuill. Nothing like thin 
IH observed in thu bacterium. Tho undulatory move- 
ment by which ib is animated in always the name, and 
lK it Htraightforward, likes a stone went from ti 
; it never voluntarily ^nes hack nor out of its 
ci, but only uudur the inilur*nco of a foreign im- 
pulse, iich UH eonUetwith another bacterium, whcui it 
rulwwndH,jusfc HH a jtrojoottlu may rebound from a wall. 
On encountering an olmtaclc, thi* lutctcrhun remain* 
indefinitely undulating bdun* it, without ovisr panning 
or Hhowing Kigiw of fiiiigun, until HOIIUI oxturtial causo 
cointiH to nil<w ami wml it to tho right or Irft Wo 
may <ifUjii wt a tnughl mass of bactfriu, perhaps 
adhttring by thir alia or by Mitim other KulwUvnee, in 
which all tho individualn couliuue to uiidtiltitu until 
thti rupture of the IIIUHH permits thtnu to depart in all 
direction*. Thiwo organiHinH aro tberoforu plautw in the 
charaetur of their movement^ an welt aM hi the rust of 
their organimthm, 

In baetiiria eaoh cell emiHbtu of a eeHuirwo wall, 
conbuning protophwin^ an ww waw wrui the 0te in fwr* 
muntfk Tho multiplication by H.sion ]g etlijctcnl in 
piwiH^Iy tho Hauiu way In imchfrtii and feruientK, 
HO alwo fa tho forituitim of pur4% Uiulitr 
circum^Uutccw, wheu the liquid on wlticli they 
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is dried up, the protoplasm contracts and form* spores, 
which, when wet at liberty by tint rupture of tin* ccll- 
wall, germinate ami give birth to fivsh bacteria. Tim 
only cUiieivncu consists in tin* fact thai ferments may 
produce several spoms iu each cell^ whiln bacteria 
nttvor pi'oduce inoro tluin one. 

]>aet<M'ia \vcro, as \vo have In*mly snid, for a 
wliiln claHSifd with fun^i undnr the n 
JUit ivcrnt n^searches into their or^ani/at inn, and inoni 
ospeciully inio their mode of reproduction, show that 
they resemble a jufnmp of inferior al$u termed /V///- 
t', which includes (fat'lffttt'!it t A'uNfiH'^ and 
H, Hpc<>h?H ^eue,rnlly furnished with chtoro- 
])liyl Bacteria n*preH(*nt a similar jj^roup <levoid of 
chlorophyL Xopf, in u fcwaf io recently publKhed^oeH 
wtlll furtluT: lie awncrts that the, Hiune specii,s of iilyit 
jaay at one thno b( prf*Kented in the form of a plant 
freely iu water or damp ground by means of 
phyilaeeouH protoplasm, and at another in the 
form of a bacterium or paranitic microbe, devoid of 
chlorophyl, arid iiotmHluul at tho ax(mnsi< of organic 
which liavo hei*n previotisly elaboraturl !>y 
or plants thun uccrunmr/datin^ itwelf, a(**ctrd- 
to cSreuiUHLaucuH, to two very different m<Klow of 
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IF. OussinrATioN* OF Min.'oitKs, on BACTERIA, 

It is very diilie.ult to make anymfunil clasMlica- 
tion of the organisms which felony to the #roup ol 
mlm/hes; we ha,v<?, in fact, seen that they only differ 
from each other in external form, and that tluss^ forms 
are vcsry raria-hh*, ninctj this wnme. organism may present 
itself Huccessively as an isolated globule, a duiplot, u 
chain, and a morn or lensarticuIakMl rod. Microhms ar< 
CHsentially polymorphoiw, and adapt themselvun to 
varicwl conditions of exlstewe, which influence the 
form taken by them* TnwroHCopto or^tniHiius* For tliis 
nafu their elasHilieation Jias often varied, their din- 
tinuiion iritc* ^en*nt nnd HptteieH dou,s not yet rely on 
prudrio data, and tins opinions fornujd f>y various 
authors in awmlaww with their pwHonal 
still differ widely. 

We will, lnwovcr, mibjoin 1 



i, or tih 

A, lUviwiftn oftM'IlM nlwnyx wtMtrrimr in tli*' mini* dir -f" 
turn, M UH to l'rrio u rlmjilt't Ix-fnro tli*i joiu 



1, Crib iinlt^ii in 
a. OiU ttttititd (in n btuti.i of 



a* j 

nilly 

^, (JitllM ftlotk^utini 

6, OllH tiniU-d Ui fnnjilirs wlih t<lui. 

inU-rl mid *i#KtuthftM Uk*) 

* Cfllw arrur>gwl iu 



92 MICROBES, FBRMEKTR, AND MOUIJD8. 

a Cylindrical filamouts, iudintinrtly ariieultiicil, rn*)- 



a. Umaimiit'il, \<ry hlcmd 
(1) Short ... 
(ii) Limp 

JS. Kilamriita r<iH>uU'dly liihnvjitnl (fiil-M* 
cation*) ..... , ... . 

b. Bpunl moMiiili* filnnitMifh : 

(1) Shfrt, faintly tuiiliilufi'il ......... fyfrwlw h; 



niHh-ttiHc, iuul thi* iliiiitflift-r cclta n 
nui'iiin;; united, likr ji.c-lu in iii il uilhn cn^M'i 
cord ... ... ... ... 



Most of MM* imcwlics of wl itch wr, luivf now toMpeak 
may I'O aswit;iioil to DIM or oihur of tlu* ^turm yiven in 
this H(jit k niilu; cnuna'mUon, and HmitctmH'tf, on acjc.ount 
of iihmr jolyiuorphisiu, to shvcral of Un'sc ^tnt*ra. 

Dciibro making a inoro li^tuiliul Htudy of noum of 
them. It may IMS ifktfi'fwtiii^ t<^ ^flatum at UJCHI UH a 
wholts, following tliconb'r 4if daKsificatioii ^tvi*n nlK)ve t 
TJio gtmtiH A/itHwtHWiw (ltalli<',r) iiu'ludos th<t 
Hphorlcal nucrolx^, which aro thi*. wont common 
tlio mont widely tlilluHwl, probably iMrausn tho 
and ijfti'ly Hta^i'H of nil tho otlu i r 
havn thin Hpherical hbupn l*fon lw- 
coming don^utt*d and a*waain<$ thoir 
adult form (Ki#. 50), 

two 



BO. -MM* 

m'^h^ Bcctifmn: tho first litft 
Ur * |l|l) ' 



*, i t ir. fabricatom of 

coluurlug matter an oxtroiwJy Inturonting group, on 



MICKOZSKS, OU BACTERIA, 03 

which we imisfc Hay a few words, since these nncrolie,s 
play an important part in nature, connected with 
hygiene and domestic economy ; the, second section 
includes JUlimn'nmw y//Ao;/f /**'*, or this producer** of 
(lisca.se, which nm.st detain us longer. 

The #oii UK Htwh'rtiint, of which the namo indicates 
that it in rod*shapod, also hieludi'H Kftni^ colour<d 
Hpecinn and nion* winch are colotirh'.srt, HU<*]I an the 
hactoria of putrefaction, of Kta^nani wntitrs, of vegetahle 
infusion**, t^tc. (Fi^f. 4t). 

Tlifj jfcmiH AwMwnw !H hsn cotnmrm. Tin* wlk 
united in ^nmps or families, fonu imicila^inous, 
wrinklod incmhnnicH on the Kiirfaen of putrefying 
lifjuidH, on tho juie< of meat, on tho infusi<m of 
hay, tc, 

fine Ufa* (or TlttctrridiiFt Davaino) formn nn c*x- 
trcmely important fj*ittiH, chan^t<jrizerl ly itn lon<f, 
floxihh% an<l artitf-uIaU'd filaments; thm^cnuH 
tho hutyrit! forment, and t.hu mimiho which 
tho <liH<*itHO called rr//////vrr t or nple*nic fever, 

XrtfifMthrtjn litMmlw in found hi tho human naliva 
and betwtum tho tt fc e,th (Fiju 1 , 15i f ty. 

QMotkriti.irtrJiutiMW, fornw a kind of fltio 
which appeam likn a 'whitish ruucila^e on tho 
of putrefying lh|uidH (lf\& 51, ;))* 

mrfulii and K* wrpr^ are fmmd in 
in th form of tolenthly thick 
which have only out* InHee.tion, whilo tlielr 
are tt 
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and ^////W^/'/r only <liHrr from rwh 
otln b r in the iiuMiW ami uppn>\iination of tli*ir 
spirals, fyuiwhii'ft' (W/f /////" fV/v is Found in tin* Iilnnd 
of tlioHr% aili'tttcil ly n*<'iUTi*iii IVvcr: & /'flr'tlHf, 
which in found in stn^nnnt water. inil (kftf/fti'Ht, is 




only tlus parasitic f<nn of tlirwi- fUfpi', an<l 
bnn n^arvtcicl HH tho <*aH*i of iiiarhli fivir. 
iHi Is alno found in infiiHiotm (Fig, ftl, w f n), 
Finally, Hrtrdnn wntruwfti HO citiihrwil in form 
from other intcrobon, IH fotuul hi fclw flultk of Urn 
human ntnmach, in the blnoil, and in tlio tnng% In the 
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form of yellow patches. It is also found in tbc albu- 
men of boilt'd t-^s, in potatoes, rt<;. (Fiy, 52;. 
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MR, fiS. Mirn/w nufrirnlit in iliflcrMM ilii(iti,if i| 
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III. TUK MtncnitK OK VINKTSAR, AND 

JhV.HMKNTATIOX. 

Piisttiur lias shown tliat tlio acul fn*nn*niation of 
liquuls 13 <hn* to tlu cxiHttn <rf* n HjMciui 
m, ndiit^ lik a funwnt, which is flr\vlu]Ml on 
tho HiiriatJu of ("crrn^ntrd liquorH wlHWv^r they an* 
aliandonotl to tlw contact of tint air, in U* jn^<tnc(* of 
albuuunoid MiilmtuucitM. Tliiw mifrolm, whicli couHti- 
tutcw tins wit her of vlw\nn\ and which in t(tnm*o! 

d rwW/, in probably iclintuinl witli 
,, HO oftun |in,wtufc in infuHioiiN, in 
and iiv<at in nprinj-j; wat?r* It in a trui? 
iaetorinm (Fitf. 48). 

The Tiicmbrano which may IH obne^rvocl on tJbo 
mirfaco of liquuiK in courwr, of acetic fermentation in 
formrul of vory minute donf{at<Hi eollufi from 1*# to } 
inict'u-milliini'treH ta h^ngth, united in tho form of 
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chains or cnrvoil rorls. They multiply by the trnm- 
vorwo iiasion of the cell, a fission preceded by a median 
constriction. These arc clmmclurihticw of thu bac- 
terium, strictly so called. 

Tlio nutrition of this miorolin rr^emhlrs that of 
boer-yeast: it natures mineral salts, phosphates of the, 
alkaline metals anil of the metals of (hit alkaline 
earths, protuitl matters, or ainmniaf'al .salts. 

This ferment is an nxirlizin^ ferm'nt t which with- 
flrawH oxygen from thn air find tnmsiWH it to the 
ttleohol, thus e,imvertin^ it inio Beetle aei<l ; hnnce it 
can only sulwist in cuntact with the air, ati<l jMrlsIjes 
when it is submerged, HO that aeetifiealion is then 
nrresitui The oxMixin^ power <f this mierohe is 
HiiHi that it can even ox'ulixe aleohr>I nud transform it 
into carhonio m*jd #an -a fiu-t which (x]iln.iiis how lh*i 
strengfih of \vims is lowered ly th o(h*T ami larger 
Bpeoi(iS Aft/wMlmntA imn*, <^f which w* Imve, j^iveu an 
illustration (Vlg*. 43, 4-t), This ad-ion is !t^n lively 
in t!ic preseiwu* of a (tonHiderahle quantity of viwxar 
an<l at Orleans aceiificatioa is always effe(Ttt k 4 in vats 
which contain a lar^t* amount. 

What is <salleri th<* Orleans process, which !M the, 
rmo gi'iusrally omployml in France, cormiMtM in lillinfj 
tuns which <MWI hold about !^(K> litres with 100 litrus 
af vinegar and It) litres of white or red uiaej <mcr* a 
wemk 10 litres of vinegar are drawn off, utul 
hy 10 litre,s of wim*. Th teHipomttire should 
about 80'\ Oxygen is supplied by a {r|tiir K 
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ventilation. This process is somewhat Blow, sine** it 
only produces ten litivs of vinegar out of each tun in 
the courso of the week, *md it has tin; diKid vantage 
of encouraging the multiplication of ir,ntii*}H}rltr>, the 
KHin.lI iK'matoid worms which live in vinegar and sour 
paste, 

Pastern* linn modified find improved Uio 
so AH to ohviaf.e lnth inconvrn 
licat, which alluvvs Uut pni^^ss of j 
to !><' itit^nniUi'nt., ami thus pn^vctitn t1i development 
of the </,////f/./7//V/f. Shallow vais, ahout *H) centi- 
in de.pth, with lids in whit;h holes have, biten 
l, are UHud, an<l 'jitr/wttlt'i'uni, In nmtiered on their 
i. (hitta-percha tuhuH, pittmid with hole;-* at 
thnir lower cxtremily, ar ] dactyl at the hoitom cf 
vats, HO that Irenh liquid <an ho added without. 

^ the wiperfieial film u( 'Mt/rwtiwrMi,. 
In (imiumy, vinegar !M ntadu by mtianw of **|on{y 
}>laiinum, or platinum black, which oxidbeK uhiohot 
without tho intervention of a laierobo. Thin aH'unlH 
a good nxamplo of fcnaeniation, or of an 
plioiirmitiiion, produced wolvJy by 
action. The plaf^nuta blade <u;tH by 
tho alcohol and placing it in moru intinmto 
with the ox^yon of tlio air, Himio tho procotm of 
(oxidation wouhl be much slower without cither 
or tha prummco of fcho ferment 
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IV. TlIB HllMOUKH WHICH AFFKrJT WlXK. 

Tho affections to which some wines arc subject 
alter thuir tasto anil quality HO as oFtoii to render 
them unfit for tuse, Thusu affections ou^ht to bo 
rtfcogniEod, HO that a diseased, wino may not ho con- 
founded with one which is adulterated, nnd it in by 
inoaiiH of tlw nii(!ruscop(^ that %VH ai*o *nabli'ii to 
p<coynixtt tho nature of thrso ehan^c.s, (thaptal for- 
merly oscribod thorn to the juvM'wn of an e.xeeHK of 
fi'nuenfc, win< he- wau tinable, to diKeuver any other 
cause. We now know from IVlfurV* valuablo n- 
M'arohes, ptiblihhed in his book, Khidrs &tir //* /;///, 
that trhey are all ilm* to tho pn^ifnw of microbe^ 
pi'tniliar to each <li,seaMi*. 

" Tho Hourcut f the dinea^eH which afFeet wine/ 1 
Panteur vvriten, "rtmsist.s in, thn prisseti[*o of paranitie 
nkicroHC<|uc plants, which are, found iu wiiut under 
conditionn favourable to its dcve.lopmont, and which 
fthangu its ruature either by thw withdrawal of what 
thoy tako for their own nutriment, or ntill mow* by 
tho formation of frenh products whirh are duo to ttu* 
multiplUiatirm of thrw patitHitiM in tho wiuu/ 1 Thmo 
arc known wider tho immif* of itwxwuWt 
t yrwtw?, wifwrtutttWi <it<i- We nhall review thorn 
in MuccwNBion, 

AtotUdy or Flopped Wine, ThoHo are wlnoMon tho 
of which whito poIlioliiH aro fonuutl Cy/r/t/* d& 

), which conHist of MyMtfawtM trmi (Figw, 45, fi{J). 
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This product dor's not turn tin* wino sour, nor aenibly 
affect it, Ifc is <lu<* to ilir t*nipi'ratun fc of the flasks 
boniff too hitfh during th lioi .m'asnn. It may IK* 
obviated l)y sprinkling thin with t*oll watrt', or by 
putting icu into tli*in; <*an* nnr^t also b<* tak<*n to 
the casks lull, ami tin* H'llar.s as <*ool as po.ssihh*. 
Arttttti/ of Witt* 1 *; A'o/'/w/ H"/;/ru Wine always 




th<> mU htvf U fit nil 



rontaiim a nmall <|tiantity of arctic ni'iil,, a-ncl 
thin add in in I**WMH, th WIIHJ in no hins^tr <trinkat>li\ 
and tuniH to vitu^ur, HUH chan^n in duo t*> thi 
proHcnci of Mi/wnfaruut tttrti fKljj. T>;}) f of which w 
havo alnuidy HjKk(n* It U uuich morn initiutf) than 
M, wiwi, and takcm th fonu cf Uto ftgnn* 8 aw UM< 
iltuntration nhown, or of chariots tVrmod by the unhm 
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ot* several 8 1 ,s placed end to end. AH tiny jjrow older, 
thtt two globules of the 8 divide, ami appear as isolated 
^ranulns. The.se two species of J////W<r//w, aiv in- 
compatible, and arc never found in the same wine 

The acid may bu isolated by di^tillin^ the snnr 
wine, Tlio attempt has been ina.de to cure or im- 
prove sour wine l>y adding noi-iual potassium tart rule 
from i()() to 400 granuneH to every ln^-lied of l j i)0 
litres), which forniK potassium aeetale and hifartratt 1 
by neutralising the <x( t ews of a<*id. The bil.'irlratts is 
dt'positcd sponfane.ouwly, an<I erysialli^^H, < >arlu>nate 
of Ihno rannot Jit onupb^vcrl for tho .sarno purpose f 
since, it would spoil the wiue,, 

Wlitw that o'l/'rt fitMit'tl or wrlf i niK'ittnl (nun 
jwtttw*k; rtuiihlrtfH)." Tliis disease, displays tht follow- 
ing ( i liara<!t(i i K: tiir. wiiut Hsntnes a bluish or brown 
dolour, and ht^omns turbid; if whuken in a test-tube, 
wo may observe ailky waves fWt.'m# m nvory 
(liri)ctioKi. When a ensk Is lapped, tbe wine, spurts 
up, and it is said *'////// <t, In />o^'." If poured 
into a glass, a number of minute hubbies a)>pear on 
the mirfatsu, the diHC(*louratiou increases, ami the wine 
mom turbid, The taste is clumped an<l 
insipid, as if water hail been added, Tho 
is devc*lop<jd iu very hot vtfiitiwr (UhevaUer 
and I^atidrimont). 

Tliiw uHecUon i duo to the* pre^^tntco of an OK* 
treinoly attenuatf^l mit*rolu% nome,what r<wjtnbljng 
that of lactic acid, which we shall d^scribu proontly, 



, on UACTKUTA. 
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lut dimming from th* latter in its undivided filaments. 
Its diameter is at the most one imcrn-inHHiuutre : it 
varies in length, and i* flexible, in which it nwmMuH 
the #uinH l r /7*r/f>. Theae filaments colWt in a 
mucous deposit ut Hie, bottom of tin* cask (Fi^. M), 

Wini undcryrM'rt Kiu'Ci'Snivo Hian^es inwlrr HH* in- 
iluiin*e of this patho^vnic f^rnipnt, and tliis has M 



- J^'*a.*'Oy^W v* 
Jr^p*^^^;^^*;, 

^Skspi^&*3 



..W' 




.uii.t 

tlie Iwltof iliut t 



. 

ti TM^* whivh jthi.hi. n th< iliu a* , 

* several lilhlhmb *li**nm^; 
which hav ln*in givm to 



Tho mniMilim for thi* diMittMii ^itunlMt In th a^l* 
dition of laiiftric mit<i ; in drawing off tlw mm into 
Hiilphnrml oankHp and adding a Httto hmmly; nd in 
toking caro to k^)> this erUaM whitowanttmi and airy. 
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uffwlwl by KtijHHt'M. Whito wines, and 
wi >QCJ ally champagne, aiv, more, often aJI'eded by this 
dweasc than nwl wines. H is mini 1 apt to attack win** 
which IMH little alcohol and is ilelicieiit in tannin, 
and under its influemtn the liquor heroines turbid, flat, 
and intsipM, ropy, like white of e^% and it We.s it^ 



r rhis cJuinjfi* is 



by a filamentous 

TJ'iV'H*"' 

X,j~O\B <t# 




* *WH l*"f um - ttn tiff uri ri, JUKI ih ifi< >*, 

tvn mow lilat fcho laotits iVrnunt (Kitf. 58) than thi* 
one wo Imvu just fliwcriboil, Hiwcw it in lik^wixo fnmnl 
of very tmnuttt f{lulml(M f unit^il hi chupiotH, wltich 
uro* howtwor, more* attwwati?d than tliow^ of thu lactic 
furmiml. r riu>rt HlainitntH form a ptciiH of foil work 
through which tlw Hquul slowly iiltcirM; luw* UK 
oily appoaraaeo* It !H probably tt bacterium (Pig:* 
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This ferment may be destroyed by tannin (lo 
grammes to a ho^shcsnl;, which has tint dfect of pre- 
cipitating it. Very ripe H rbs, which have been crushed, 
may also hi* used for this purpose, as well us gall- 
nuts and jjrape-seeds which have born ground to 
powder ; all substances rich in ttinnin. The. ]in'c*i|tit.at,*' 
than IbriiKMl should bf. Kupnratod from the \vin by 
refining. 

ir/w^H flfft'ffi'tl hf/ litttcniCHx. TluH disease affects 
red wines, especially those (^f tho elioietest vintages 
of Burgundy. Pastanur writes that "at its outset 
tho wine assumes a peeuliar sin<dl, its cioh^ur IB lews 
vivid, and its tastis leeoiHi*s inst[>id. Soon the wine 
bee(unew )itte,r, and them is a slight taste of lernHn 
tation, du to the presonw* of earhouic ucid ^IK. 
Finally, thi^ diseane benonu^ inoro o^ravated, MM* 
colouring matter IH completely <i1i!uige,d, and the, whui 
is no Itmger dnnknble/ 1 

The wierobo which is tli<^ esMeutial cattwe of thin 
(lisfant^ is seen under the mi<TOH<toptt In the form of 
articulated filaments, curled back or bent, and it may, 
or may not, lw invested with tho colouring matter of 
th wino* It IN r*prodii(ie,d by Itssion, not by bud* 
ding. It is probably a bacillus (Ki#, BO). 

This ferment must not be, confounded with tlutt 
of whw afle.ctcsd by JKWWW, of which the filaments aro 
much inoreHleiHliT, the aiiimil;itintiH arc luirill 
find tlioy are, not incrii.stf*cl with eolourlng 
<Uveloin,*d hn wituw of inferior 
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while Ihr finer sorts are woro oftcsn atbackt'tl IH, 
bitterness. 

The bitturiM'sri may !M to sow<M'xl.<'nt ncutralixcti 
ljv the addition of nt\v and swvit wints, but tin 
applieuiion of limit (from d." to #0 ccutiynninius ilu 



^.,.;j,: ; -?;|i> 
Wm^ff&f 







l utlli t.ltmiitK m.tttH, 

litr-j is inoNi nMci>iniin*r|i*il, Thin 
htiwcvor, nmko tti*t win** noun 

Tin* itfjMwitH foniiiMi in rli*liTioiiitiii>; or old WIIM*H 
iw not rflrcUnl by thw niuTdU-H which w- h(4V jiwt 
rnmitcnitftl, but an> du*s acconiiitx * PrinifMin t 
tlifi conthinabum of oxyumi with lh whir uintfr *V 

of tinu\ This wmxtitubm tlw* npn^ of wla 
/w?ox VeruwfttttliuH of NitwhttritM bh/Htit*,' * 
i tortutfl vitfcuiiH f$ruiuutatum tak*H ploco Ui tin* 
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juico of brvtroots, carrots, and onions, and in liquids 
containing su^ir mid uitry*'nom snh.stane!.s. It i,s 
prohahly prod urn 1 ly this WUJMJ forwent which cause^ 
the rojiiiKsHS of winu (Ki^. 55^ ami the liquid as^umi's 
a viscous or oily upiM'araw:t\ 

Pasteur stut^s that this nih'rrilio artw on tlin ghu-ow 
an<l transforms it into ^inn or dextrine, into tnanmtn 
and carhr>ni(! ucid. Tliti Incite and Imtynts f,nn<inta- 
tions, which an* oft.fn KimultamtoiiHly prodticod m 
; liquid^ uns due to distinct 



V. TIIK Mn'uouK OK LAITU: FKHMKXTATHW. 

Thn Hll r5 ai ' cori<ain(*d in milk, iis well as 

can In* tr*inHfornu*d intr> Iiu*ii acid. Tlun 
JH always t^ausnd hy tho jm^sr'ncc of 
a fttrmnnt wltli whuth Pastour has inadi? UH IKJ- 
fd. It had hMn proviotwly Hupjos**d that milk 
Hour Hjtnittttit,cnunty whin it waw allowed in 
ntaml for KOI no day a Jn thin cHKrt, an wc^ know tlw 
milk curdlcH, nd tho clt*ju* liquid which Hitj>araU'H 
from tht> curd fa callod why, fn I7KO, Hctltmiici, 
cilchrat<^l Hwtfdiwh chiwuHt, ffxiractfcpd huftic auid 
whey. The mum* mjtd IH alno iound in Hour*cront; 
iti bho Hour water of Htaivh ; in liaknr'N yu^i !n WRtar 
in which {H^W, heanH,or rico havu huon Iwnhti^ and thi n 
MtiffV^rod to fonnout; and, i!nally f in tho juice of tot* 
root which haw ^aMsi-d through virtCoun ami alcoholic 
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fermentation, after which it turns sour and produces 
hie tit; acid and mannite* 

Lactic fermentation requires the presenee of pro- 
te.id matters in process of duttompoMt ion, mn\ it can 
only bo carried on when the d<-<jree of aridity in tin* 
liquid does nut oxeeed delinite limits, For this purple 
a certain amount of oluilk 5s added, to ni'Utnilixc, tin* 
acid formed at the expense of the su/^ir. 

It is wcimewhat diltioult to ub.mrv tlie mierohe of 
HUH fennetatin without, previou.s iiHtniftiun. It 
appears in the form ufpfn-y patolics, wJiirh are readily 
eonfonnded wif.1i ruseiu, and wifh <he disintegrated 
gluten, or tin 1 (tliulk of the liquid under examination. 
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. f>7, i,;u-l*i li'iint'iit in A 1'^l>' f.-i- fr irtjjn tit 



Un<lr the, mutroHeope, t.Jn patcli U m*i'u U* (JoiiMiwt of 
minute- gh^hulen, or of filaments with vt^ry short 
UtiDtiH, iHolatwI or in ilak% These aro tin* 
of tlio ftuiiwJlwJrrluui (KijLfa , r >7, 58), Tlw 
nre much more minute than tlumu of the ynist of Jwur, 
umt are strongly a#Hated wh<* in tKoktioa by it 
motion incorrectly termed Browniau movement, and 
whluh does not in reality dider from tlut movement H 
\vhih may bn ohwr^rved in most of thrt wporen of tint 
orders of plants, and in a great mmibw erf' 
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This ferment is often found in -wine, together with 
those of yeast and alcohol, and produces in it an in- 
cipient lactic fermentation. Tho predominance of one 
of these fermentations depends on the composition 
of the medium, which may be more or less adapted 
to them, A slightly alkaline medium in most suitable 
for the lactic microbe, while in a perfectly neutral 
medium only alcoholic, fermentation will occur. 

We have already said that mure's milk can bu 
transformed into an alcoholic liquid called 



VI. THK A&iMoxcAftAL KKKMKXTATIOX op 

Shortly after itn discharjju, tirine which in litft to 
itself aHsuia<',H an ammtmiacal odour* This in due 
to the trariH format Ion of the urea (tlw nitro^ 
principle of ttriiio) into ammonia and carhonict 
under the* iniluence of a microhn which appears in 
tho form of free ^lobulen, of articulated lilnmentiH 
(Twult&) t w *>f chapletn, re.sembling tin MO of the lactic 
ferment Thin microbe is found in tho white deposit 
which colleetH at the. bottom of v<rriHid*s, and haw been 
termed JfwwrWf'M tovvu (\# t flO), 

Tlim fonnnit in conveyed throuyli the air, like* 
other microbe** of ffirinwitniioii. Jt dtmn not oxtHt in 
fcltc bladder m lr>ng m the urirn* romairiH fteM, Ytt 
in the nu't> cawis in whii'h uriini luw been found to bo 
alkaline;, immediately after its ksitn from the bladder, 
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it may 1m ascertained that 11 in ferment was introduced 
by some accidental cau.se, Mich UH a .Mir^ieiil exaiuina- 
iiou, and that the srnmd served to eMn\v ( \ the microbe, 
It is, in any case, suilie.iently common al the exterior 
of tin* nivthra, and i- tin* <1 -pth of L\\u or 11 iron 



Von Tipjfhom lias shown by 
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It uuv 1" <i!t.*rv<d tlutt th' 



thnb fch*i jjnwmcw of thin inim'olu* in th* 
ilwt ainnioniiu'til fwrwmtafJon of urino. With 
}ttvcitiitioriM v the urines withdrawn from a healthy 
bladder may b<^ pmHwvwl for an indt'liuitd Utius 

tniwta hav b i **u iv(H'n 
f, an Armtritiau pliyHU'ian, who hns 
ul that only Uio microhm of tho air, or 
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those of the orifice of the urethra, can produce tins 
furmentation. Si net*, the, hitter HIV always carried oil 
by the ilrst discharge of urine, only thu second por- 
tions of the emitted liquid should bo collected in 
a perfi'ftly clear v'ss*l, \vhirh IUIH )pcn sti'viliwil, 
or, carefully lYeeil froiu nil atini>splnTie ^rum. The 
vtiMsrl should tli'u hn put under a ^lass shade to 
protect It iron i tln^e ^enus, and if all proper pns 
cautions aro taken, tlie urintt will retuain ttlenr ami 
add for an indefinite time without undi'i^oin^ am- 
moniacal ferwentsition. If aftervvard-s a littht plu# 
of amianthuH, which has heen previously Ktfrilix<til 
]\y lioafc, should he introduced hy a .small pair ol r 
pincers into the urethra to a depth of t,wo ee,nti 
luc-treH, and then dropped uita this tt n transformed 
urine, it M'ill soon ho transformed, and undergo am- 
moniaml ftd'inentittion, Unt if tlm pln t ^ of am tun thus 
has l)tM*n steeped in nn antiHi'ptic solution (diluted 
earlmlicacid) heforn lieiny introduced into tho urwthra, 
it will not produce, this furmtmtatiun, 



VIL BoTVitin KKHMKNTTATIONT OF 

MILK, 



Bufcyrk fcrmeiitoiion follWH lactic, fermentation in 
milk, butter, ami cliwws an*l it in tmtyrta aci<l which 
gives to butttsr iU mucifl biMto. Thin fcmumtotbu 
also ooeura in MWHfliarinu ttl>Btauw wii 
in all protcid 
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Pastoiir has ascertained that this fermentation 
results from the development of a mierohe, which 
lakt'H the form of minuto eyUnilricul rods, roundud at 
their extremities, usually Hlraiyhf, and either isolated 
or united 5n chains of two or more artieulutionH. 
These rods am ahout two lun'rn-inilliuu'in'H hi width, 
and from two to twenty luiero-iuillinii'tn's in length, 
They ndvanco \\iih a pi id in*? motion, nn of(tn curved, 
and pi'OH^ut HlijL?ht undula-hhms, They are, repr 
)y iission. Thc.sc churauh'i'H are thine <i" the 



, (tf ^fiJIi 1 : fy^vw..* The conciliation of 
milk is arUfieially prodiuvd hy rennet, flie liquid 
Heen'ted in a tvilfrt Ktouuu'.h, Human t?atri juin* 
prodtHM'H tho k samn fili^if., and thn ntilk inh'ndueml an 
an aliment into fchti Ktomarh IH IK-VIT di^^ted until it 
ha* l>een curdlod, hoth in ehildivn and adull^ Thn 
artichoke llower, anil other plants of the ^e 
#) will alw c'urdle milk at a tewp'ntfuri* 
^ v HO" an<i BI* M . It, w jrnlllM that thin 

^^ \ aeiion in dtn in tht: m^i'iKM* (f an 
^ **** ^ 

' 



of the mierohe of liuaiw fermen- 



II," I tit. 1U I1i>> - . 

nntn/ii'iiM'H-, tatton, 



It in with reintet, or with thft ?<iill rnor 
JiqiUfl prodneed Uy tho tmicemtion of thn (chticlit of nil 
unweaned calf, that th<w cheexew are, mad** whtoh 
only of curd, lK>il<,Hl or unhoiled, fnh or 
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wonted, and obtained fnnn the milk of cows, sheep, 
or goats, mkimined or unskimmed, according to the 
kind of ciheeso desired. 

Sweet-milk cheese do not differ in their eomposi- 
tion from tliuso of curdled mi lie TUcjy consist of casein, 
albuminoid matter \vhieh encloses partidem of butter : 
the liquid residue, is the serum or whey, which con- 
tains hujtic acid and mineral wilts, 

Cheese, HLrini-Iy so called, KU<,}I as flruye.re, and 
liocpiofort, only diU'er from tin* fore#oin<$ b(eauso they 
have bi'en cx]iose,d f<^r a 8hnrii*r or lon^r time to the, 
action of the air, and of tine microbes suspended in it. 
Chooso is first oxidixcd under the inHuenco of the 
oxygen of ihe air; butyric awl even alcoholic fermen- 
tation HOIU follt>ws lnti(^ fe.rmoiitation, to^niher willi 
tho diseii^a^ernent of hydrogen and of putrid pro- 
duetts, when the, Hfrf.ion of the, fenn(*nts whie.h effect 
these tnuiHlbrmaMons lias <#mo on too lonf*. 

In order to obtain the, different kinds of <*bee^ 
which iioiw, into the market, Uiey aro exposed to th*% 
woafclmr, ye,nw>aiiy in hcIw wludi have been excavated 
in the rock for this purpose, on a bod of tmw, or 
MomottimoM partially covered with ifc, until Iho cheese 
is ri|m ami has attained tb^ (Umiri^l tjuality, 

Butyric and ainmoniaml fermtintaiioiiH lead UK 
rltroctly to tho study of putrefaction ; that fa t tho for- 
mentation of dead organic matter. 
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TUT. PUTinWArriON, Oil TUB Fr.IlM i:\TATinx OK 

J-)KAI> OmtAXK! MVTTKII; A <!A.MK 



The flesh of annuals used for food is said to li 
//A/A in tins first sta^c of altemiion which occurs when 
If, IH left to itself. Pasteur does nut believe that this 
effect in iriMlu<!*Ml ly the ititervcnt.HUi of the, ferments 
of the ir, altlnMi4'h this w (In* case \vith ihe juitrtIiic- 
iion which follows. He thinks that \l merely results 
from thtf action of wluit .'ii'i 1 c;illei| rufiihl^ or 'titifi'i'itl 
fenneniK in the serum of the meat, nn<l f.hut tlu*ri? in 
a (flicunciil, reciprocal reaction if the liquids mul H(Ji<ls 
which arc withdntwn from t.h' n;nnal nctit^n of vital 
nutrition. Thiw <*xpliiition is wlnptcil to wifi^fy thosu 
cpicuroH who have a fawtn for hiyli ^uue and not For 
iii<*roI(tH. Vet it IH certain that this condition jwsse.s 
into truo putrefaction without any abrupt trnnHiUou, 
anii we 1 kn<wtliat immeu!iatt4y nfler death the rnicroocs, 
which penetruio v**rywhi*n% take pow^^Mon <f fhe 
animal tiMHUr'H and he^in iheir work of destruction, 
Wlum flesh IM hijujh, it Ls therefore prolil4*f that it 
in in tho finsi nta^e, of putrefaction, 

Oautier han nindii HOUIH experiments on tlw mil>* 
je<'t ( and hofdn that thin csondition in certainly duo 
to Urn action of microhms, and ctonKerjnently to 
in t-h(! air. hi fac.t-, uu^at which in placed in u 
and air-tij^hfc (*aH(^ alltir it hn beim <lcpriv*rl of 
by a wuitahlo proconn, i devoid of any A/j/A odour 
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the end of six months, and is as fit for food aa freshly 
killed meat, 

However tins may he, moat which is high is 
usually not injurious, \vhiio pntrrfied meat produces 
diarrhoea or nfcill more flcrmim illntwa. Davnine has 
gliown that the Coptic properties of decomposed blowl 
are not rt'twwjd by Hiihjt'cting it to a temperatures 
of 100", which dfj.struyn the nucroltf'8, but not their 
gtfrms or Hporon; for th*3 destruction of the latter a 
Btill higher tc.mpitmturo in tU'WHHary, 

For a lonjf while it wa buliuvecl that tho 
tion of doad bodi<H y mid of albuminoid 
cither animal or vegetable*, which have 
to a moiwt air at a Uwtpfsraturo of fronn 1S tr> SO*, 
morcily duo to tlw hwtability of tlus organic c<anpound; 
thcflo, when hfi to ttu*MHolvt% bmd, under tli^ mflucmcc* 
of oxygon, to prodtion moro Htablo compourids by diw- 
integration and Niici**i*HHtv(i oxidationn, Piusteur haH, 
however, mliown that in MUH CJIHO alo there iw a truo 
fermentation; that m, a decomposition prorluced by 
the vital action of certain tniorobon* 

In general, when organic; animal sulvHtancoR am 
ex[M>Hcd to the air, they are in tho first inwtanco 
ra()idly eovororl witli mould* ; tliny loe their eo* 
herence, and after thn laimt of a few day* give off 
fetid efiluvin, Oarbonie acid witrogen, hydrogon, 
oorburetkd, wulpbttretted, and phoHphoiftMed hy<lro- 
gem, are freely di.Hongaged, and at the mime time they 
combine with the oxygen of tb air* The microbe^ 

I 
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which appear simultaneously with the moulds, pene- 
trate deeply into the tissues, disintegrate them by 
feeding at their expense, ami the putrid condition 
huwases; then the decomposition (thnn^e.s its nature 
and becomes less intense. The putrefied matter is 
finally desiccatud, and leaves a brown mass a complex 
mixture of substances combined with water (hydro- 
carbons), and of fatty and mineral substances which 
gradually disappear by slow oxidation (Ojiutirr). 

Paste in has ascertained, from the, microscopic 




study of the, phenomena which occur in ;m infusion 
of animal matter in process of dccowpmiUnn, that 
microbes appear in it in the, form of globules or 
short rods (^//wowrtfw, Ihtt'h'rtuw Arwo, ItttcMn^ 
etc*.), which MW either fren or collected in a mtu* 
mucilnj^inotm maws, to which the special wine zuot/ltwtt, 
was at flrnt jsiven (FSg. o*2). Thw* microlHw rapidly 
deprive the liquid of all ifat oxygen, At th* NH-mo 
a thin layer of wttmJiww and of baeturfft b 
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found on the surface, -which al^o absorb tins gas and 
rlo not allow it to penetrato into the lower part of 
the liquid. 

This liquid now hepoiurs the* wont of two very 
distinct actions, In its interior, vibrione.s succeed to 
the fro glolmleH and srwf/lttt'it, of whwh they appear 
to be only a higher ta#ft of transformation. Thus** 
niicrobiw multiply and duin^o the* nllimu'moifl matter 
into m ore Kiinplo suhsluwt'.H; iiiKr>lnhlc ct']luloK^ t fatty 
hodioB, and #IHOOUH puirid innttciu M^anwlul* 1 , tli<* 
uiicrol*H on tltn Hiirfaoi) aHivcly cnnHiitno tlio products 
than developed, (.musfonitin^ th*m into carbonic uciil, 
nitrogen, and thrt oxMon of nitrogen, otfi. Thin ix- 
plainH why, wli*n tlmro in art insiittu'M'ncy of <xyj(ta, 
putrefaction itiny indr^d h^in; bub it laii^uinhuH, and 
is finally amwtfd* 

Tim cmmn of this fi*tifj odour* vvliicih iwapc from 
putntfyiu^ hodifH and liquidn in not well 
Ifc may In* UH^rihed to the diNttn^n^ml jfnHt 
phowphorctt^d and Hnlphiiroi.t^t! hydrogen, nnd anuno- 
niacal conipoitntlM), and to tho (jinnilation of iloecitit- 
powin^ organic partiden, W alno find formic, ac;Mti<,, 
lactic, Inifcyric, valctrinni^ and mproTo wsirlH, ^itiontliy 
combined with ammonia! and Urn fatty aeidn which 
arc ono result of tho HUCCCWBIVO dinhibi^rulioitji of 
albuminoid matte^u 

When tlutno ^HH**H are diwn^aged, a unlwtauco 
minainn which may IKS (Kintparod with hwnMW> or 
vegetable earth, it ta rich in fntw, in earthy and 
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ammoniacal salts, and consequently constitutes a 
strong manure, vary fit. to servo as tbe nutriment of 
plants. 

This its at once the beginning and the termination 
of the endless chain which sustains-; the equilibrium 
of nature, in which thoro is no croat/ion, no destruction, 
Plants draw their nutriment from the noil and the air 
in the form of mineral solutions, nnd aru devoured 
by animals or by other parasites; animals are in their 
turn devoured by microscopic plants or microbes, and 
return by means of putrefaction to the condition of 
mineral Halts, which are distributed in the noil, and 
serve amsw for thu nutrition of plants 

Wo must at the same time bo struck hy tlm 
rtwsmblancih whkh exists between thrse pheiu^nena 
of putrid fermentation, and those wbieh occur in the 
which a<'compnny the nutrition of 
an<i plants (lermiiiniion arid tlnik <liiferent 
which <xjcur in th<j month, th*3 Htrmtacli, 
th inti*Mtii, etc., an* only fermentiitioim, HO that 
MitMcherlich han paraphm.s(fd the Hcripturo ayin^ 
<l j)unt thou art, and unto ilunt thou nhaifc nsfcum,* 1 
by tk*clarij? that " Liftf IH oiily a corruption/' 

It nhonld, howvwr, l>o retuembeivd Uuifc 
tionn are eHnentially phenomena of 
which alwayH reduce complex, organic MiilMtanomi to 
thoo which aru Himplnr. Pliinln provided with 
chlorophyl, <JH th othor hand, alono jxtHmrHH tile 
property of forming lu#hr organiis ttumpouiiilw, by 
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the aid of purely inorganic subntanccH. Animals and 
plants devoid of ehlorophy] get their nutriment by 
unmaking the complex sub.sluncwK elaborated by the 
green parts of plants, and those act in the same way 
for their own profit in thoM organs whiuli have no 
ehlorophy 1 j aw, for iuHtaucu, in the need and embryo. 



IX* AtittnillKS AND 

We liavn wn that microbe^ at dlflVrait epoch** 
of their extaUukGc, and in accordant'*) with tlio nature 
of thoir environment, twii aswumo very divunm forma 
Than the organism, which at HrHt app^arn in the form 
of glolmh'H (7/J/JW/M'M}, either iHolatiMl or tuiited in 
more or ILJMH uiujierotiH cjolonios l>y a kind of mmji- 
lapfinouH envelopM (fSiMffffawt), wlum it a^uiu beconufH 
ftws, may bo elongated in th<^ whapc of Urn figure M, 
which IH formml of two wllH about to Hfipitmto; or 
a largo number nmy bo inchulvd in the form of a 
ntraight, articulated rod (littot,erium') 9 or in a rod 
which IB ourvod, wavcwl f or even npiral (ViMo, 
tipirilliMfot $friwt'Jit*iti!)t ulwayn moro or lum mobile; 
or, again, thb cells may form long, stationary filaments 
(ftacilliw), eta, 

Bo also tho habitat an<l rnodo of lift* divide Urn 
microbes into vary dint met claHH<*a Sorno can only 
Kul^int when they brontlw the natural oxygen they 
withdraw from the atmosphure; tlioy can only exiat 
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nn the surface of liquids, or of the, organic substances 
on which tliuy IW'iL TheMJ are termed nn'olriw, 
or consnm<'i\s of air. Others, n#ain, can Hvu beneath 
the surface of liquids and in living organisms, or of 
those in process of decomposition, and nuist neces- 
sarily derive thooxj^crt. nuwssaiy for their respira- 
tion from the oxygenated substances in \vhu*h they 
rti't* found. These an* termed 




This distinction und tbt? lli)ry on whitrh it r^lirn 
have bf'.e-n iutrodui:t*d into wcinncn by IV't^ur, and 
Uiny appear to be, fnundcd on observed facU Thim 
IhwtrriHtti, ftTtHOf which live,4 on tins surthiMi of 
lyin^ 1 IS(|it!dH f in an ac'-robio; whiht \'ihi'!i* r 
(Kig, <}**), which HV-M l-J<*w lh Mirfat'i' of lint 
UJow tho l,ytr formed by tflin ItfWtn'iwHi, /<>'//*//, iw an 
att5rolu% and (loriviin itw oxyjjrn fnm UHI waim* or 
Hulid mattcrn which are, found in it in MinperiMon or 
BoIiiLtoft, and ovt*n from otlwr nncroiiiu Hn t 
tho yi'iuft of NUporior l fc or in an aerobic, nutl tin* 
of iutuirior bour iw an ana^rabie, etc* i^tttil Ifcrt 



MICKOBKP, OR lUCTEniA. 111) 

the corpuscles of this blood, and the cells of which all 
our tissues consist, HH true ami< : rohic microbes ; so 
likewise arc tint urn-win ',s which, when introduced into 
the blood, an* Ihi* cause of certain diwasn**. The 
important {'onsw|wnt*(!s of tins fact, which it in neces- 
sary to uotu, will appear pivsi-ntly, 



X. TUB Mu'itontts OF Sm,?iinmt;s WATEHS. 

The formation <f ih(* sulphurous npringB whicli 
nro so iiunutwuH hi tin*, Pyr**n<Hss and in other parts 
of France, appears to lw due t> the "piusunco of Biaall 
algtw of the family 
and of Uio 

and 

(Wg. 04), 

on* of th Haino wtnwturw 
as thoso of whiflh ww have 
npokon aim vi!, twt thr*y contain ehlorophyl, and also 
a blue colouring mattcsr, Thy anj plactinl in thn 
group Gt/rtnoftttyww, "whirli, an Zoj>f bdi^v 
that an> ftriiuoUiuoH grc^vn, ami 
'SM, Iik IhtrHhw and Jj'jrfvtlmt&t which they 
ren^tublo in thi'ir modo of n^pruduction. 

Aceor<ling to Louln Olliviur, thtmo algi^ recluco the 
sulphates of waters cliar^nd with Bulphato of 
tmnBforming tlwm into mt|>ltiir. Tlioy avou 
late sulphur iii their edk Wliea Bul[hur iw UIUH 
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abundantly supplied to thcjw, tlw microbes aro 
mobile; as soon as tha quantity of sulphur diminishes 
thoy become ICHH mobile, and ivconsnino thn sulphur 
they have, stored up; finally, they beeomo quito 
motionless aphoiiomemonciinwmitantwtth tlw forma- 
tion of spoim Within oaeh cell of tin* filamontous 
alga thero is a minutu sphere, brilliant and refracting 
of which tho dovolopmnit is in inv f ern rafcif) to th 
quantity of wilphur in the Hurrnnndin<{ lii|uid, Theso 
wpores lweomn fn;e, in tlio fonu of ch,pletM, after th 
4l<>strut 4 t'ion of tho <Mll-vvjilI, and the^c chaphiis aro 
precisely like t.hone, of /ttiriflttx Mihfifh. 

Plnncthnd wa tho firnt t<* whom it ocmrred to 
look for a sprcml ferment in the t/htu'hw or twrfyhw 
which may Iw >s*?ti floating on <hn nurfiwro of Mill- 
phtirouH waters. II showed that otto ^ntmmo of car- 
bolic acid to a litro of water arrests tJu i nulttctioti of 
the sulphates int(^ sulphur, mid thai thin r'dunt<ion in 
re-HUimul as noon OH tho carbolic mud hnn eA*a-poraled, 
Six {{raminoH to tho litn* eompl k t*ly <lestroy tlm 
tftiil&twttritt, aw tht^* alym arc ^rttirfl by Planch u<l, 

Thin olworvor alnr^ imrffirtnod ftxiH'rituMtU whieh 
le,d him to bolievo tliat tho namo nl^* will 
gypsum to native ulphtir, und that the vnwt 
of Hulphur found in cfrtain regions aru dm* t< the 
action of thi inicroHcopIc plant, It iw wow %ve|l 
known that a chemical action of the miuuj nature, 
tho production of saltpan*, IH tho work of 
microbes 
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XL TUB MICROHMS WITIUH rarmurjK SAUTKTHK. 

It if* known that nitro or saltpetre, i.e. potas- 
sium nitrate, is produced in damp place 1 * where l<- 
compoHing animal matter is found in contact with 
carbonate of potassium. It is fount!, combined with 
other Halts of lime, sodanud nuignoHia, in HtahleH, ftheitp- 
fuldfl, collars, in the neighbourhood of urinata, awl 
in the earth of nomo localities (Pru and Chili), Itrf 
industriai importance in the maimtaetnro of gun- 
powder, cite,, has lud to it collection. Formerly it 
was extracted fnin tho plaHlrr of old houncH, or from 
artiUetal nitre works which combined conditions 
favourable to its prodtiction, Nitrates arc produced 
by tho gradual oxidation of tho ammonia funnHhf<l 
by animal <ixor^,iorm. F<n* a lon^ wliilu it wm 
that thin oxidation wan simply dtio to thu 
of porouH botlioM, mih as earth and Htoim walk Nitrite 
acitl wa produced, then nitraUw of limu, i>otaK- 
Hiuii), otc, 

Tho roH(^arclu5H of Bouwinpfanlfc, Bchhiwing, and 
others, have now Uught UH that thia phonomonoa of 
organic chomintry i ctuo t liko many others, to ilw 
vital activity of ono or moro DpiKiUw of iierol>t\ 
wluxso invariabh) proHcmco hi the natural or artificial 
nitro-workH hw been acertaine(L Thewo iniorobui* aro 
aiin>UH i. they only live and work when in contact 
with the oxygen of the air, from which they derive 
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materials for effecting oxidation. This in another 
instance of the part played by microbes in artificial 
it? nnentation. 

(iayrm and Oupetit helieve thai, in addition io 
thu microbes which produce nitre, tin-Hi aie, others 
tt'hieh decompose thu nitmtcs producul )>y tin* former* 
When nitrate of iM(ji,sium is plu^Hl in culturc- 
lii|tnds, drain-water, chicken-broth, *tr fc ., it disappcarn 
rapidly untlor tla^ action of tluwi mirrobes. Uiulor 
favourable c<nilition^ of t^'nip^raturt 1 and pnviron- 
inonfc, culture microl'.s daily n i luc*n *nit ^rannnc rf 
nitn 1 t( tlui litre. This d<'(MuupoHition causey th dis- 
*'ii^Wiuenfc of nitrogen, the formation of ammonia 
uitd carbonui add, which latter r<*min in wdution in 
the form of biwii'bonate, Ciayouund iJiipfiifc believe 
thai thin fact explains certain chemical jihenomi'tia 
wbU'h occur in tfw woil, und**r the, influence, of maimre, 
aul water. 

ThtiH fre,nh di,MCoverit*H show more clearly wry 
day tho intport<itn(;o of thr^ part player! by microbes 
in natuiu Agrirultnr, ntanufnuiurrN, ^'olfiyy, an<l 
chemiKfcry mtiwd take them into account, ^inms limy 
aw th<* active figentn of a immhcr of phenonu*na 
whioh )avfj lifthitrtiy l'in uliheure in 
! an<l 



tf, Ott BACTKIUA. 123 



XII THK MJCKOBKH WHICH DRSTUOY BITIUHM; 

JMATKKIALS. 

The observations* of Pm*ixe f diivHor of the 
agronomic station, Morlaix, lead to th belief that 
microbes, whieh destroy dead bodies and clleufc such 
various transformations iu nature, not ot>ly attack 
the beams ot* our houses, a.s wo havu already Hctjn, but 
building inatcriais (f an inorganic nature, including 



On one occasion, when Pni'ixe was e.xatninin^ 

wliieh had vi*#etahid <n a brick partition, 
ia a cloKisd atul Htmiuwhat dump rotfens, he n*tieuI 
l>]istcrH on the coat of plaster. Ho liroko OIKS of the.so 
bllstorw, an<l a fine red dust, erii.sistu],; of pulvemod 
brick, lotted from it. When placed in thh micro- 
scope, tinder a *wi<;nifyin# pinver of about IMM) 
ho wavv, am id nrjti4oid fra^itient^ did- 
uuid silieiouHiU^wpoi'tainin^ to tho original 
day of the brick,s, an inuneuwe number of living 
ikttc.roc'fx^niH^ baelerla, nmr^bte, and olliati'd 
of aljjfn* 1 , KIOVUI<; rapidly in tlu drop of wat(;r 
tx> moisten tlus dust, Some- of theno were in prmie^ 
of budding. Thiwo or^nniMtnH existiid imd<r a ctwit 
of ftvo to MIX mm, of plaster, and even of ?K) tnm*, at 
tho bottom of a hob piereed by tho brueo; but in thin 
cane thoy wore lo^a imwerouH, in the proportion of 
two to tUrea The gcnuj* aud H()orcn which oxiat 
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both in air and water may, therefore, lt indefinitely 
preserved in a protuutive medium, such as a brick 
wall covered with plaster. They are nourished at 
the c-xpenso of tlie anuuoniacal Halts which are found 
in tlio air in a gaseous state, and which arc iixe.d hy 
atmospheric moi.siurn, and it in probable that they 
derive lit-tkj nutriment from the solid tuati*rialH in 
tlui midst of which they Ihe, altluMi^h hy their 
intti'ca.st5 disintegration may (MISIKS Hence, especially 
IVum tho hygienic point of view, it in HO important to 
flLsinlWt the walls of hospitals, barracks, ntahles, (x, f 
hy scraping and wluf iiWsh!njLf them, 

i*arixe alno believes that microbe < may perform 
a ({eolojfical part in nature by disintegrating the 
hcliistoid rocks which enfe'f into tho constitution of 
arnblu Boil. Hut we nns now spe,kin^ of microbes of 
remit origin, HIIICO tlie tcmpMmtunt to which clay is 
Mtibjeeteil in oril(r to mnk red bricks would certainly 
destroy all the microbe! and their ^urmH, This i not 
thii cane with tlio microbes of c.iutlk, which, iutetnUng 
to iklchamp, arc of very unc,ieut origin, 



XIIT, THK MifjitonBH OF VUMK AND OoAr, 



Bechamp* researches tend to show tluit 
which ho calls mwrozywdtM nmall fi*rint k niM, have w* 
almost indefiuito term of 1M. Wt* know that chalk 
aJmont ontiruly of Urn remain** of the calcareous 
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shell of fflthop'idti,, protozoaria or microscopic animals 
which lived in incalculable numbers in tlut seat* of th< 
secondary period, nml which still live at the Iwttnw 
of oceans. Ikichamp holds that the organic substance 
of these rhiwipoda, or of the; microbun which live in 
their midst, hits retained its vitality in the IUOHH of 
chalk, nineo a freshly cut piet'e, taken from the quarry 
with all puasible pmuiulioiiH to rxeltido air-g(jrm, in 
able to furnwh luicrubcH which multiply rapidly in 
a favourable* mc.ilium, and produce varioun fennezita- 
tionH. Wo have already WMHI that bacfcona 
msint desiccation, heat, and nil kindu of 
influence and remain for a Jong while, oven for 
several yofttv*, iu tho <*.ondition of dormant Hportm; 
but tb uxiNtwuw of Hponw of tlio namo kind in chnlk 
of tht* Hftcdtidiu'y puriwl indi<tut t .s a wtill nioni nur- 
prining vitality, It is not, however, in^xplit^ablo if 
wo HUppow* that tht'HO Tnicrobins piu*H through 
Buccuiwivo p<rI<*dH of activity and repose, and if wo 
compare them) fact** with thono pt*sunttsd by thft 
microbe** of mtltpetn^ of inhutrnl watorH, and of tho 
anaerobic micmlm.M, whic*.h at'o able tt> livo when 
doprivtwl of tho oxy#c,u of ttus *iin 

Bdchainp WUH tin* flrat to obrwirvo UIA presoftca of 
granulationn in coal, which appear utubr tho micro- 
scope to bn ntir-ruKe*H. Tlume< inicn*hf mvmt be fat 
more anciont than Uumo of <-bnlk, but they have lot 
nil vitality; it ha* Won found import hlo to develop 
them iu irifunionH, art*! U> obtain fomu>ntaticm* 
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them. But this cannot always have been the 
ami it lias been supposed that tin* phenomenon of 
coal formations, Htill so obscure and so variously 
explained, was, at any rai*>, partial ly duo to th 
physiological luhonr of these microbes, and con- 
sequently "belongs Lo the class of ie 



XIV. C 

In nililiiion (> tins uolourh'SH inhn'olirN, wu*h as ar 
ino*jL of tliosr wo liav<% hitherto <*(w*il''n><l, tln'r^ an* 
<lh**i'H rrtiittrkuhlf* for their \ivid find varied rio lours, 
which beiniy (-heir e\isfeu'e to (he, lef^t pra^tisi'd 
oye.H. Many of theso niierohen utia^U our nlintentnry 
Huhxtances, and Khould thereforu he, Known io the 
inmwfnuturer mul hyxi^tii-st, wincM their net inn on 
ili it human system is often injitrioim. 

Many phenonu'na which have, struck the nun/jfina- 
ttou nf i^ttonint und rrcdulom people nrr, m*'rely i!u.* 
to the prenencu of thnsi* coloured tnitiruhes. In 18 SO, 
a p(jasant of Lixuara, near Pndtia, VVJIK ten-Hied by 
tlu* siyht of hlonil-Hlah&H sratiered over wum p(*letita r 
"w*hieli had heen mado and .shut, up hi a euphoard on 
the jH'uviuiiH ovifiiin^p Next duy similar patches 
appeave<l on tho hn^ad, me/it, and other articles of 
food iu tho samo ct(phrard, It was naturally 
as a tuimchf and warning from heaven, until tho 
had boon submit tod to a Pat hum nutumlbt, wlio e 
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ascertained the prosonco of a miorowoopic plant, 
Khremborg likowi.su found at JJorlin in analogous cir- 
cuniwlanctis, ami which he* nanmd JUW/f* 'jtnxln/itMt,, 
At that timo all miorobos woro gonfbundod in thn 
Mow til XOIMM; we llow t^nn it 3//Vwwrtw p/'o- 
rf////rwt(. It has burn oli,sir\4*il not only on broad, 
Iwt on th Host, on milk, pastes and on all ullinontary 
or farinaceous HulwiuntMM iixpos^d io damp hoat, 

Thin inicTolm has l'irn iwrntly Htudird hy TlalHjn* 
liovsfc, who dc(*Ian,s that it is polymorphic, and has 
iwivfid a numhiT of difr^n'til namnH: l*ulttwllib 
/iwt t JSwtfiftttwtlwt i'litrfpiytlttfi Ibto'terhiitit j 
which aw only vuru'tir* of Atirrowwtm 
modified by UHJ medium in whi^h it i 
This olsprvi*r notiiMtd iin itppi'anMu'u <m cool'd moat 
kept iti n collar. Tin* Hphorionl coll*, oxnmintd tmdor 
tho inu'voMOupf^ worn shown to Iw iillod \vilh a roddinh 
oil, which j^avo/ Miont a poaih-hl*ssrm tint, and whon 
trannfomnl to raw moat thoy a^sumod a nplondld 
fticlmia colour, nNomhlin^ Hpoin of hlurMl. Thm plant 
in only dovolopod in tint dark, and tlht nitro^on 
noctiHMary for itn nutrition must In* dorivod from Uo 
air, oHpo,f/taIly whon it IH dovolopo.il on bread, tho 
Host, etc,, in whitth tiitro^on m dofiwi*nt, 

Whon it i wai<l to ram blood, thin itlumontraon In 
likcwiwci duo tx> t!n proHonco of a minuiii pbnfc, prob- 
ably Rimilar t<> that which oft(^ri gtv<m a red tint to 
pond** and ntHervoirH in autumn, T!UH yrncroH^opic 
a|>poar to lm tlnj ona dfoooveml by ^roinWg hi 
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1831}, in a stream near Jena, and which he numed 
JowMMXH jfltianMHt or wiHf/tthiMt (Fi^, <>.">), It, is, on 
account of its form, now placed in the #nus M/>/r//^////, 
Like many other plants, it readily passes fvom &Tct<n 
to red. No one iw wir-prlsed by the ';iven scum 
which covers rt'M.TVfm-H in sunnncr, wiruu* it is so 
common; but \vl*n tltin colour rhnnifi*^ oftu in a 
Min^h* nijflit, and jasHi,s from grcwi to n*l, the UIUICCUH- 
tint excitr/K wonder, although it iw rnuised by 





* -K"^*' >t ; 



thu wamit plant which was yn*n th<* <lny J*fon*, If 
th> IB a thumiorMbiriu or wat^rnjN^nt wlth*h dmwH 
up the red water from the ponds mul wnervwrw, and 
diHehargcH it in the form of ram on tlio Hurrommiing 
eoittitry, we hear of tha phenomenon that it mim bloo<i, 
and it would IK* i*ay to find in the drojw of min the 
reildiwh laicroln*, which imparts i\m Colour to then*, 

In northern re^ionn the HHOW in often tinged with 
UKJ colour of blood by an annlo^ous Mirwotum*, which 



MH'HOBKP, OR BACTEUIA. 



129 



proscnts tin* same transition from {jivcn to red 
00). (Stt'cn-tinto'd snow may Iw found iuljacent to 
the ivd snmv, and undrr tin* microscope it displays 
minute fjfn'rn Kloluilfs, ii!i*nUcul, except in eoluur, with 
those of tint rt'd-tintfMl KIKW, 

Tlio variety of iolour in tlit*,so microhms is oxtn;iuc, 
t* jjiv^H an omn^e colour to 




Fl*. *Y, HnrMttm 
itmi 



broiwl and *'j?gH; Af. chJorlH.u# IH yriiHH-gnum ; AT. <*//a7/ an 
is of a Ixftiitiful assure hluo; JJf, molajwm i violet or 
and Af.fiUvm \ niHt*0f>lc>ured. Thcwo have all 
oUNi*rvud on fix Hi l/ miintttdw furrtui HttJo 

itohiw upon diN*c*. 
Tho g( k iui8 Baot^rituu also furuinh^H it contingent 
of culourud Hpcciea; wuch aro //. Mtnthinum and 

K 
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JL cyrmorjpnnmt which give respectively a yellow 
or blue, colour to milk (Fi# (>7). IVa*ant,s say that 
an evil eye has been ca^t upon tins milk, 1ml it is 
easy to prove that the development of these, micn/lus 
is due ti) imperfect cleansing of the tin milk-vessels, 
simw the discolouration ceases when jifri/ati'r caro i* 
taken to wash ami scald the vessels. 

Bread often, displays microscopic growths of u 
rlark ^ret-H or orange, c<lour T and in Ihiw stnfe it 
eannot be, introduced into the, stomach without 
d linger. In tho first case it is llttt'ff't'h'iti ttt'tirji* 
inMiut) in the H<;c;ond HIlwH'tK't'HH ittit'liHfiin'nti. Tin- 
hadly made and badly ItnLerl lred of UM I*VoiuJi 
whirfi is often kept for a forhuyht <r more, 
to the. niKHHlure and ln'ut whieh favour the 
d(*velopment of thes<* micToh^s, KoineiiiiM'M displays 
thi 4 first of tliPHffl olmn^iNs; the Hecond i,s [avti(*ularly 
fouunon in noldiem* hreatl, uln*h musti likewise hu 
Iaked m^veral dayn in advance, and \vhu*h in conveyed 
in ciaris exponcjd to thn weather, Me^nJu n*einitly 
Dhsnrved a cryptognmic growth of <hi-n kind on tlw 
hr<*ad dintrihtnttul to tin* ^rtrriMmi of Vinf^nniH 

Tlui HporuK of t1uH murol)eH aru found in flour, 
and msint a teiniiorattins of 120'*, whilit they nn 
di\ntroy<jd liy tliat <tf HO", Tliun thi*y im* IM> l 
foutnl in tlte cnmb, of which tlttt tempemhmji 
to 2(K)" ; but may *!OHily Httl^iMt in tin* twu'h lower 
tiiinprn*aturo of tlus crumb* Hence t!u* tutcuNHity of 
uuly ttwinji flour porfoctly tiw fruui gf<ritta 
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ft pnH of wounds is often coloured "blue ly 
an aerobic miwonomi.s of which tin- protoplasm Is 
eolourlesH, but whieh wnkes a colouring matter 
called jn/M't/tttth't'i and this *j;ivi k s a 1*lu* tint to tliu 
Vint and kunlau^K use* I for ln'>siiiy the wound. 



XV. THK MintniiK OK BAU>NKS,S. 

In iwltliiion to tin* nmmtrouH parasitic fiinj^i of 
nkiti on which iho hair jjjrovvH thickly, which we 
hav<, alniwly noiirrd, ll(* hiunnii hair in atiarkfrl 
hy a tnui mifn>lH% which in, arronlinjf tc> tlir* r<* 
of (Inihy, Malassi-^ wl Thin, tlto oaitHft rtf 
wwt'h', olu * '* urm ** lnt1*lm*SH. The pnrwutr? 
hivs the ttppi*amiic" <f 4a ini<r<woecuH and ppn<trat(!H 
Urn interior of tlut luiir, whieh IH, an wo. know, hollow. 
Tin* hair must IM nuulr f ninHparfwfc hy potash, in ontar 
to HOO tlni iniorohi*. It jirohahly pni*trat<s h^twcon 
tho bulb and llw hair-fnlliclo aw far aw the mot, m 
intrnilucwrl itf> UH hair, tint! multiplies and gradually 
rise,H higher in it, until t)w Hiilmtancu IH (HHr^rgAnis^fL 
Thin microbe lia^ bocu called Btwtoriwm, dvcalvants. 
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CHAPTER IV. 

H OF THE DISKASKS OK OUK I>MKHW A VIM ILK, 
1 ANTHRAX, OH SI^KNIO KI;VKU. 



TUK first of tin* virulent and noulH^ioUH dis's's in 
wliKih tho ]>mmiuso of a muTolni was poMtivt^ly 
wan anthrax, or splcuin fcviT, which 

of our lionu^l animals, awl 
c*afctl^ and Hhwtp. 

AH <wly an lHr>0, Davaino hal ohs 
prw(*nco of inifMifct 1 rtnln in Mio MIMM! of unimals whidi 
died rtf Hplcnic fovor; hut it wan only in 1*S03, afVr 
first nwi*anil)tM into thr* jmrt plityorl by 
in fitrnti'iitatinnH, that Davaiiu* 
of b<*in# thn actual caimn of th 

healthy arutnaln with tho tuint^t Mood, 
and than aH(*(rtainod that Vfti a vry iiuiuiti* down 
would proihieo a fatal attack if tJit^ iliwaHtt, and tint 
rods, to whidi ho ^avfi tin* immn of /fr/i"/wr//X "uld 
always bo discuvurcd in ^UOHUOUH nuiubi^M in th<* 
blood 
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Tin* micro) K 4 so named liy Davaine must from its 
<'hara,ct< iristies In* u^i^ned to the yenus Bacillus, and 
i.s now termed Ilitr'tlltr* itittltt'tiftx. Tins disrusc*, 
which iifliTt* men as well as animals, is rharaHi'med 
hy general depression, l*y ivdness and conjjcstion of 



llic t\y<s, l*y .short and irn^ulur rr*sjiration, and ly 
1h*' ionaalion of alisccssc^, which fValuiv, in tin* caso 
uf tin* Innnan Miltj(ft, has proc.imMl Tor it th naim* of 



malignant 



Tlu* disr-asn is quickly terminated 




ly (knittt, and an aut^pHy whows that tlw I!MM{ in 
Iiku;k, that intiwlinal lui,*tti(rrlkH^ han micnrr^l, and 
that tho HpU*on IH alnurma)Iy lur^i\ h< k avj%an<l j{or^id 
with Mcwd; htnc f < the namn of wpltmie fv<u*, The 
dipSOiiHu is gitnurnlly ini,Kttdatt*d by tlio Uto of fliuN 
which Imvift nntttod upon oarcanoH and ahmrt>cd the 
haeteria, or by blfMHl-[M*iw>nin^ Uirough wmio tu'cidf/utal 
, and thin in rs[>r(ually Uu* cnxe with knackern 
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mid ImteluTH \\lio hivak and handle the hones of 
animals which have died of anthrax, 

The period of ini'uhation is very jihort. Au o\ 
which has he,en at work may return to the stall 
apparently healthy. Hi* rats ns ur>ual, then lii-s dn\vn 
on lii.s side and hrcathcs lii';i\ g il\, while tlie ry**** h* 
still elear. Suddenly his Iu*ad drop,^, hi^ hod\ yrnw,i 
cold; at the nd of an hour thi* eyt^ heroines ^'laxed ; 
the animal st rubles ii^ ^et up. and fiilhi dead. In 
ihis CVLS*, ihe illness has only luffed fur un lunr and 
a hir(KHiju.sj. 

\ 

'" ' 



**-* ;/<> ' 

In order to prove that the djhraxe \H really mu*ed 
hy Ihtt'tlhtM ittit/u'nciH* IV4iCur inserted a very Minall 
drop of blootl, Utken from an ntiitnal whieh had 
rtwcntly di*d of luithmx, in u tyhiM iln^k uhirh w>n 
tiiiiied an infu.sion of yi-flht, nrMikmlixed hy pntnshiitni 
anii prnviom;ly Htrrili/.ed, In twenty four tuMim the 
liquid, which had Wu clear, wan Hern it* \w full of 
very light, flakew, produced liy tiuufHitH of NioilU, rutuiily 



AXTHUAX. 135 

discernible* under the microscope. A drop frrun the 
(irst ilask produced th same ellVet in a sect m*l, and 
from that to a third, and so im, By this means the 
organism wus completely freed from all which was 
foreign in it in the ori^'hud blnod, since it is calc.ulatod 
that aft i r from ci^ht to ten uf sndi jinK'csscH, thf. 
drop of Motul wa^ <Iilnt*d iti a volume* of Hqnid 
jjnuitcT than UH*. volume of i,h', earth. Ytit the tcnlh, 
twentieth, nnd even thu fiftieth infusion would, when 
a drop was inserted under thu skin of a sheep, 
itw diiath by spli-nifi fe\erw5th the, wame H 
an those prodiuted by the original drop of Miwul. Tim 
bacillus is, therefore, the #oli* eatisf^ <f the diHeuse. 

These, fMiUnren have often nitu^e burn repented by 
numerous ohserxers, so that the* mu'jutbe, has been 
Htudied in all its forms, and th extent of its poly- 
morphwtn hns b*en aseertnined. At tho <njl of two 
days the bacterium, which, while Htill in tlu^ bh*il, 
in of a whort) abrupt form, displays cxcesmvely lon^ 
lilanu^ntH, which are. srnnethnes rotle.d up like a coil 
of Hiring, In about a week many of the, 
contain refnwtiti^, somewhat ttlonyated nueUs 
inichfi presently form ftluipletw, in rn**ipHnnw of the 
rupture, >f tho adl-wiill of th<s rod which j{avw hirfch 
to th<ua; t^ihers, a^aiti, float in the, litpud hi tho form 
of inolaUfd globule, Thiw nuifliti arc tho npfnm or 
Kontm of tliM inifiroImN, whidt ^I'rtninatti when plitaetl 
in the, infttwion, beeonto e.lon^atf*!, and reproduce fresh 
bacilli 
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Tlieso spares arc much morn fenucioun of life, than 
tin* microbes themselves. Tho latter perUh in a tempe- 
rature of GO", by desiccation, in a vacuum, in carbonic, 
ueid, alcohol, and compressed oxygen. The spoms 
on the othor hand, resist desiccation, so iliat they t*an 
iluat in this air in the form of flnsL They al*'o resist 
a tcjnj)fmtun of from 90" to [>5'\ ami the (*iH'*is (*f a 
Vftmnin, of carbonic, acid, of alcohol, ami e^mpmsMHl 
oxygon. 

In IS7'J, Pasteur, aidnl by < 'hamberland ami Houx, 
carried on some e.\|>et'inienM on a, lanu near ChartreH, 
in order to disfover why thin <liMase is so (loinnuttk in 
woino disirie<,s, in which its spread <*niiiuoi. be, ascribed 
io tho l>ite of Hies. (Sra\s % on which tho jjenns of 
luictoridia had \**m pluc***!, was ^ivcii i<* the, sheep, 
A certain number of them died of spb'nic fever. Thu 
'^landH and U fc wnnH of tho buck of tin* throat were 
vwy intKih wweJlerl, an if the inocnlntion bad occurred 
hi tho upper part of the alimentary cnnid, and by 
tniwiiH of slight wounds on the hiirfiicn <f the nmttoun 
mernbrane, of the, mouth, In order to \erify the fiwit, 
tho grans #ivon to the, Mhu*ji ws tni\ed with tb'ntlen 
and bo an led earn of wheat and hurley, or other prickly 
matter^ and in conHnqut'iUM 1 the mortulity w;u he 
increased, 

In CHHOH of NponlnriooiiH diseases it wan 
that/ tho gci'itm which went HiLilicinlly introdunui into 
food in bhc amrne of thfwi* cxpenmenU, nr found 
upon thu grans, tJMpecially in tho neighbourhood of 
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plnct'H inivVwh infi*cttd animals had l>c*;n buried. It 
was, in fact,, as<*<'rtuin'd that thosi* ^**niis existed 
above anil armind tlw inlVHrd WUTJISOH, and that tln*y 
wens absent at a nrtain di*tuat*o from limn 1 burial- 
place* It is inn that- putrid fi*nn<*nLation destroys 
uto,st of UK? l*w'h i ria, but lidfurp tliiH ouctirn a certain 
of nii(Tr>l*'.s an*, dispci'si'il ly tin; yas <lis- 
from ili'j caivusi*; tln*Hj ili*y up aiul produce 
H, wliiuli ri'tuin tln'ir viialiiy in tlio oil for a 
\vhil* 1 . 

TIui nirlmnisin l>y uuMtnH of which th<*,sc jjennM 
bronchi t,o tin* surface of LI to noil antl on to tho 
on which tin? >liii i |> fci in at wnco nhnplo anil 
1 . Karth-wt^rniH profVr soiln which are rich 
in hunmH or ilf^oinpoMiii},; or^nrtiu Hulistaneo, and nwk 
thuir fooil rounil tin? eutvaH*^ Thoy nwallo\v tho i*arth 
containht^ iht. j^<*nn,s of which \vo hav Hpok<*n, which 
tlwy <lt*poHiii on t-lu% nurftuiu of Uio noil, aft-t*r it luw 
traviawMl tlu'ir int.^tinal cnnalH, in tho littlii 
with which we urn all lu^piuintinL Tlu% ^orntn do 
IOH^ Ihwr viruiotuio in tlutir paHMa^f* through tho 
worniH* intt'NUri^H, and if tlus Hlmo]> nwallow tluuu 
togothur with tlio ^rawn on which th,*y liruwxw, thuy 
may csontriict tli dim^tHo. Thc tuvning-up of tho noil 
by tho Hpado or plough may produce Urn nanm effuct, 

A certain warixktli IH nH*,tHHary for tho {formation 
of gcruin; nono aro produwsd W!M*II it fatln below 1ST, 
and tho cuream v H buried in winter aro then-foro 
thaiv tluHu buru^t iu tho Hpring and 
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mor. It is, in fact, in hot weather that the 
is most prevalent. Animals may, houever, contract 
it oven in their stalls from t'atiny dry fodder on which 
gcruiH of tlmso bacteria remain. 

Pasteur and hi,s pupils performed an experiment 
in the Jura in I<S7M, \\hich dearly shows thai the 
presence, of ytTHiH above the frenehes in which car- 
liavc l>eri huricd in tlw j>rinri]al <aiis(, cil 
. Tvwnfy ox<n orro^s had jieri^hed, and 
several of thi'in were Imried in fi'enehos in a- meadow 
\vliere the presents nf Iliesi* ,( i niis \va,s aieertaincd, 
Thn-* 1 of liliM e;ra\es were siirronutled ly a fewe, 
within whieli four .sheep were plnred. <Mher shee)* 
w**ro folded within a , few yards* if the funner, Imt in 
]Iaru'M when* no infe<*te(l a,ninial.M had luen liuried, 
At the HM! of thtw dnyw, thieeof tin* xheep iohled 
ahov thi* x r ^ <iS ' m 'l ( li<'^ <f splenie fe\er, v\ldle those 
excluded from them <*ontinued to he healthy, Thin 
ttvult Hpi*akn for itn-lf. 

Malignant pustuh*, which in wimply I'pli-nii' fi-ver, 
aflectH Hh<*plu i rds, Imtrlicr^ and tanti(rM, who handle 
thf fl'h and hide of tainted nnhimlM, 
with Urn twnlluM itlmoHb nhvnyn oirurH in 
of a wound or scratch on the hands or JiiH*, In (Jer^ 
many, fatal canes of anthrax havn l^ea olnerved^ in 
whi*:h the disease han hcen introdiu'ni Ihiou^h the 
mouth o^r hutj^w, as in tho <*aw<* of (h* stie*p olwi-rved 
by Pnnietn", This human Hithjwit appears, however, 
to ho leas apt to contract the dinnim? than 
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since tlm l\t^\i of animals allV'cti'd by splenic fever, 
and only killed when tin* microhc is fully developed 
in tlm Mnod, is often eaten in fitnuhoiw*, In thin 
tin; cuMoiu prevalent union*; French peasants of 
g over cooked meat constitutes tin; chief saiV^uani, 
since UK* luwrtfria and ilu-ir ^rrnts ar^ thus <l**stroyt*iL 
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Thft ra)i<Iity with \vlticli unthrax in 
hy ihtxMilation y^urmlly jviulcrs all kinds of tn*nt 
rn<*nt nsi*h'NM; H*, ho\vtVM', tho wound through whicli 
thf inirrohr ta inirudmM'fl can In* ili^rovcrcil, it fchonld 
hi trautfinxed aL onm Thi.s tnctliod i <H unsuccessful 
in itian. T!i pustuli*. in caui*n/,j(l with red-hot ircm* 
tn" with bichloride if nu*iv,ury and ihymw 
powerful antwr-pticrt, mtain io dnHtroy tiin lia 
it !H i^Kjicdi*'!!!., IIM nn hygienic mcnstm% to Inirn thr 
tainted mrciH^H, mid if tlii,s in not dmns fcln-y wliouM 
1)^ burial at a much greater drpUi than is usuully tho 

CAMtt. 

liut th^ pr* i ?*orv,<.iv Tt'irans on which cliicf n> 
lianeci in now plarunl in viu!ehuilion with the, virun 
of anthrax, PiiHtttur him aMfMirUimnl thufc when 
anhuaU m*i irt<unlHi^d witli a liquid ?<mtainitig ba<v 
toridiUp of whidt th* virtiU'iwsi* ham IMMMI attenuated 
by culttiro carried an far an tho tenth gi'twratifm, or 
further, thoir livet* aro preH^rv^d Tlwy 
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tli* 1 disease, hut generally in a wry mild form, and it 
is au important result of this tieatnient that they arc 
henceforward nafc from a fresh attack of the disease; 
iu a word, they are rtttwitnttt'il n^uin.st anihrnx. 

Tn the cultures prepared with tho view of at trim* 
uliny the inicrolie, it is tin* acfion of the oxygen of 
tint air \vliirh ivmlorH tli* k . bari-n-iiliuui Irss \iruh i nt. 
It ithmild 1>u Hultj^cti'd to a inup'Uiinr<* of froia W 
to W in tin 1 casf. of HatHhtN ttiifhriH'w. if> rnahlj* it 
to multiply, ami ut UK* SH.HW tiiui* to c'lirck th<* j^ro- 
duction oT spnrrs u'Lifli nit^'ht inakr flu 1 !i({iii<i tr>o 
powerful. At tin* Hwl fifth** w'i ( k, th< <MiItun, which 
at lir^t kllli'd tint wholr f tni slifi i |, Icilh-ii only four 
or iivi 1 out of trn. In tru or twvKfj days it miwii 
to kill ftiiy; the tllni'Jiso WH jn-il^vtly ntil*l, a^ in thn 
of this human vaccinia, of which \VM shall sjtwk 



they can lm ctiltivnt'*l in the lnui*r tcmtu'mhini of 
from J>0' to ?tr>", and only product* spon** of the 
rttntijyth an the fliaitirnt't which form 



Thu vaccine, thun ol*tainr 4 d in I*;tht,nr\s In1oratory 
is now distributed thnMf^liout Mir world, JHM! has 
already Mavcd imwcrouH (Ir^ka fr<Hit idino.4 certain 
destruction, Although this jror<*tM hft^i only bmi 
kiunvu for a few yearn, its rcsultH suv wuh tltat ihu 
f{iuu b* a^ricultunt already ainottutH to many fhounaiM^ 
of pounds, 

r JouHHii.ini makr.s UHO of a slightly diUVrrnt modo 



A:\TIIUAX. 141 

of preparing a vaccine vims, which is, however, 
analogous to tlint of Pasteur. He subjects the lymph 
of the blood of a diseased annual to a temperature 
of 50, and thus transforms it into vaccine. Toussaint 
considers the hi^h temperature to hi*, the principal 
a<jent of attenuation, ami asifrihrs little or no im- 
portances to the motion of ih nxy^ra in the air. 

land and Iloux have recently inado n- 
with tho olji*cb of <;htainin^ a nimilar 
vaccintJ iy at-tiuutin<j; thts priiniiivc virus ly means 
of anUst;pfii(% suhsUntti^. Thy have as<iortain<jd that 
a solution of oarluilic acid of ow* part in nix hundred, 
destroys thn tuh*roli<H of anthrax, whilu tlujy can live 
and llourmh in a solution of <tn part in ninw hundred, 
hut without pifxluciiijt sport**, and their viruhtnro is* 
attonuat(Mi Whon a nourishing hroth is added to 
a solution of one in six hundred, the microbe can livo 
an<l grow in it for numtlm, Kineti the ehutf condition 
of attenuation consists in t t h< ahscrtrte of spores, this 
condition seems to h realixerl ly the pultun) iu a 
solution of cttrholie ai'id, ontt in nine hundred, and it 
in probable that a fresh form of attenuated viru$ 
may thus be obtained. Diluted sulphuric acid gives 
analogous results, 

However this may bt* the vaccine prepared by 
1'aftttturVi proeens in tho only one which has bwtt 
largely tiHiid* and whieli IIHH alforde<l certain rwlto to 



Fublic oxpmmejit% performed before commit 
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sums composed of most competent men, have clearly 
shown the, virtu o of tho protect ivo action. In the 
Mummer of 1SSI, 11 ir initiation was taken by the 
Alelun Society of Agriculture,, Tw i itt\-fi\e sli*M'p and 
oi^lit cows 01* oxt'ii Wi i n vartinai<Ml at iNwilly-h'-Fort, 
and tlum r<-inorulal.icl \\iih blood irojn nuinuils winch 
hail mrnily ilii'd <>f iinthnux, tojjHluT with i,wt*niy- 
iivc slict'painl lh< k rows wliich Itad nii bi* i n previously 
vnccinalf*!. Noin k of the vnc^iiinffl annnjih suHVn*d 
\\liih* Uti* twul.y-fm* Irs I, nln'i-p d'n*d uiihin forhy- 
oi^-lit, liours, ami tin* livv ruus wrn- ^o ill that iho 
veliTiiutry Hiir^i'onH drspauvd of ihcin for sfv*ml 
days* 

Tills ('Xprnw^nt. \vas publicly tvpcjif.i'd in Si*p* 
ti'iulmr, Ifssl, by ThuHliT, I'asfriir'ji lVI!o\v-\vork**r r 
whose 1 death \vu have rtwmi ly had in drplon\ before the 
repreNPtitatives of the AuHtro-IItiii^ariiiti f lovenuiicnt ; 
nwl aj^airi uenr Herlin, hi ISWi, bt^fore the repnMt^ita.* 
ttvoH of the (lennan (ioverniuenl, and jdwayn \vith 
tlu* SIITIIH hiH'er's,^ Up t< A[ril l^Mt, inuir than 
K'IO,(KH) wheep nnd 2000 oxhn t^r rovv.s had beiu vae- 
<'innind ; and sin<-(t thai time the deutartd f>r 
from Panleur'tt litboratory hun n j acihe,d him front 
quartur. 

JIL FoWI. OlN'UWA, 

Th HH'knesH of barn-door potilfry, whirth IH eom- 
monly called chofara, i ofitiMftd ly tiie prese,nct* in th*j 
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blood of a small wieroC'mH or bacterium in the form 
of tlio ii^'urn S, dill'iTin^ therefore, iu form from Jhwil- 
hwtnit lining but al*o an i ; rohie. It may be cultivated 
iu chicken-broth, neutralised by potash, whiltj it soon 
dies in <he I'.xtrnct of yt-u-ii, whiirh is so well adapttid 

to liilt'ttlH** uuIJtWi'l*. 

Tim luirndu*, of i his 15siasi* ma y also ] jil,ti*nu{HiMl 
by culture, ami it may I in <lono mom easily than hi 
thcs <;aso of anilifax, siuiT it is not iiwisHary to raiso 
the ti'iujicraiun', as th Iiacirrium of fnwl-rholoni !OI*,H 
nni jmvhii'M hjior',s unilt*r culturt 1 ,* Pust^ur has th<irc- 
Ions JMICII u)In fco jirrpari" an aitetmatcfl vinm wtl! 
to j>nilcct fowls from further attacks of this 



IV. SVVINK FKVKU. 



S which is c',IL'<1 

or HWIIU* fi'Ver, in th Houth of Franifis, has 
ivc^ntly jHtmlied by Dctmcrn in ih United 
when* it IM alwo very prevalent, and by Pasteur in 
the department of Vawluw,. It in a kind of 



Theni* obrvnr coiwiilnr that tho dlseaHd in 
l>y a very Blender mierobn, fortuwl, liku that of fowl* 
ohultsra, in tlm H|IHJK of fch itynm 8, hut mora minute, 
Ofchtii* nay that tli<m in a hacilluB which waw olmnrvml 
by Klein m tiarly aw 187$ in wmo attacked by thin 
dinoase. In spito of tho apparent contradiction, it in 
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prohuhlfi that wo have only two forms of the samo 
iniomhi*, for the bacillus in Klriifs cultmv at fiivrt 
rest'inbloM Jittt'fcrttnti' /rrwo, in the form of an S, bcfmv 
it IM fhm^atiMl into rods, 

Pasteur has Hncr<*r<liMl in making culttins of 4 
iai<;ro!it!H in thi' ii*(tuv 8. 11^ has inoculat***! swint* 
with tlio uttt'iiuatiMl form, after wliirli tln'V lmv i ln*f n 




Mr in, 



the f|jHm*u*, MO thrro is ivas 
that iu tint near future this IH I W vamn\ 
tlut at'bmnat4*il ihi<?rolns may 
our M*sti<u 



V, OKSOMK OTHKH DJHKAHKH win.iMi TO 



An cpitlcmift whicsh ratp-il in Purlw in IKHI was 
rd tht typlutiil ffvir cf horsi*H, and wan ftal to 
than 1500 an'mmta blo*(injuf to UM* Oim 
( -ompany in that t*ity, Thin diwtww? in alno 
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diiced by a micM-obe, with which Pasteur was able to 
inoculate* other animals ''rabbits); for this purpose 
ho made use of tin; serous dihehargij from the hordes* 
nostrils. The inoe.ulnted nihl*il* died with all tin* 
symptoms and lesions dharaeterisiift of the* disease. 

The attenuation of this microbe by r.ulture is 
dillu'ult, winre at the. end of a ocilain time MKI action 
of the air kills it. Pantnu' has, howvor, fount I an 
oxp-Mli(nt by wliiish to accomplish his purpose Wlu^n 
th cultnru is shown in 1m shril< in coiiH^rjiutnex* of 
tho (htnth of the* min'obc, h$ tak*s as thn mother 
c.ultnro of n fresh surioH of <laily culturcts the OIK* wliich 
wiw itwvln on tlui dy preceding tho death of tho first 
mothe.r culture In this way 1m has obtained an 
attcnuatwl virus with wliirh to inoe.ulatf^ rabbits, and 
the samo result nit^ht undoubtedly bo obtained in 
tho CHSC of horses* 

Tlwro are many other eotitn^ious diseases which 
affect domestic animalH t mid whieh nre probably dun to 
tm<srn)mBHUc*.h an^ lor iimtanee, the infectious ptioumruiiu 
of homed cattle* Thin was probably the iirwt ilisefusct in 
which ilw proiectiv*} o.lfectH <f inoculation wwro tried 
lUKUfnliiift U Wilhelm'H method Thin method conmnted 
in making an huumon undt/r tiic aiuinaFK tail with a 
BCalptil dippod in tho purulent rnueus rtr blocK! taken 
inmttho lung of a ben^t winch hadilied of pneumonia ; 
HomethuoH the nerouH dim^harge froxa the swelling tinder 
tho tail of an inoculated animal wat* used for othern* 
and i<w of aj>potite ennued, luwting ^oin eight 

L 
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to twoTity-fivo days, hut tho animal was nftorwards 
safe from further attacks of the disense 

Oattlo plaguo, or CfWta^ioiiH typhus, is likewise 
ascribed to tho presents of a microbe with which w 
are as yot imperfectly acquainted. 

Kxporimentttl septicemia is i*ntitlMl tosp i cial men- 
tion, sinco it han too fft,n hc^n r*mlounil<Ml with 
anthrax, and has IKMTI unskilfully proilun'il with iht* 
of vuccinniin^ nninials in iicfM^nlanc^ with 
jiroi*is,s. Tlii^ occurs \\hHi fuo l*>n^ au 
(twenty-four lioiuv^ rlnp-v,^ aftcir the death of 




7t, 



an animal, htfons taking frotn it ihi* hi* MX I infcnti*d for 
vatuano <MiltunH. After thin <lato the lilooit no lon^ftr 
r* t oiitairm Ifavinm fm///wnX wliit-h ix HureeediMl hy 
anotlwr miorohn ttirntett Vibrio NrjttitMM, differing 
widely from tho anthrax ini^rohh in ftjnn, hnbit, and 
diameter (Fi^/71), titwittu* f/w/Amr^ in ntrui^ht and 
iuunobile, whilo the* Hfjitfa vibrio i ninuou^ curhnl, 
and iiiobili^. Moreover^ it in ntmornUf, nnd d<Km not 
HUI-VI vi HI mtncl with the air, hut it thrivr*H in a vacuum 
or in carbonic acid. Sinco Itttdllm aidhracix in, on 
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the othor hand, an at : robie, it is clear that the two 
microbes cannot oxist simultaneously in the Wood or 
in the saiiu* cuRmv liquid. 

The inoculation with this fivsh microbo is no Kss 
fatal ; its action is c\vn mon> nipid than that of 
ItiictftuNitnfhwtt'tH, hut thf 1 lesions an? not tho samrj; tho 
sph'on remains normal, whilu tho Iivr-*r is diseoktwd, 

Tho septic vihrio i.s only found in lumutnrjuuntitias 
in tlus Mood, so that it has c;snip( k d tlu^ notico <if Huiny 
ohsorvuPH. It is, how^vrr, found in imnnmso nmnhcrs 
in tin* inusdlos, in fh', HCU-OUH fluid of tho intustinoH, and 
<tl" othw onr.Mn.s, It is v<*ry common in tho inteKtine, 
ami is probably tho hoyi unin# of putrefaction. 



VI. RAIUKH. 

*H is a rwiiiu* <Us k aHo which in o,(nnnnmi( > at<d 
by a bit<% ami thn morulat/inn of man and other 
animals by tfiw saliva, Wo arc, not yet 
tuiqttaintt^l with tho microlw which caus<*H th*j 
but Pustour's n>e<mfc re*warehns hav* fc tlirown consider- 
abln light on its Itft^hmtory, which is still, howovvr, 
too much invtdvod in obsc^urity, 

It must first bo olMorvud that tho 
microbe of rabies, which no oti has yot 
should not Iw confoundNl witlk tlio irucrobo of human 
saliva; this is found in tho mouths of hoalthy porsons, 
and will be briefly tHnottSHttd in the following chapter. 
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Tho following conclusions are the result of Pasteur's 
researches into the virus of rabies, 

This virus is found in the saliva of animals ami mm 
affected by rabies, associated \vith various microbes. 
Inoculation with the saliva may produce death in three 
forms: by tin* salivary microbe, by the <*.\ci*ssive 
development of pus, and linnlly by rabies. 

Thu brain, and especially the Taedulla oblontjata, of 
Tncn an<l anhnnLs which have, died of rabies, is always 
virulent until imiivfiwtion has set. in, Su also is 
thn Hpinal onrd. The virus is, therefore, essentially 
locali^i'd iu the nervous s}*st*'ia, 

KaiiieH is rapidly and certainly developed by tre- 
phining (ho hon* i s of the, omnium, and then iiumu- 
lilting the Hitrfacw of the brain with the blood or mliva 
of a rabid aninwL Ju this way there is a suppression 
of th<^ long Incubation which HiMie* from 
inomtlatioa of thft hlnod hy a bite or intra- 
injection on any part of tho body. It is probable, thai 
iu this (jani! tlw Hpinal cord is th** first to he, 
by ths vinw introduced int<* tins blood; it then 
on its tmHU<'H and ttiiilti|tIir.H in thm. 

Asa gi}iu*ral rule, a first attack which !m not proved 
fatal in no protection against u fresh attnvik. In IH8J, 
ljw*wr, a dojLj which hud displayed t 
of thfi iliHi-asn of whic.h the oihiT anitnnb 
with him had died, not only n roveivd, but faiU^d to 
take, rah i is by trephining whe,n re>ino(MdaU!d in 1881 
i wow iu poMsi k MMum of four *logn which am 
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absolutely MOCUTO! front infection, whatever "bo tlio mode 
ufinoeulation, and tin- intensity of the vims, All the 
other test do#s which were inoculated itt the same 
time died of rabies. In iSS-t, Pasteur found Liu* meatw 
of attenuating tin*. virus. For thin purpose he has 
inoculated u morsel of the lira in of a mad dog into a 
rabbit's brain, and Iww pasKiMl tint viruH prrxscseding 
the rabbit through tho or^anwin of a monkey, 
Mt it IMWHHOH attenuated And a protoctivM vaccine 
for dopfH. This in the lirnt tq> towards the extinction 
of thin terrible 

VII. nu 



This, ajLfain, is a dise,ivH<* oaHily transmitted from 
to man. Olandnrw, or fitwy, Ls caused "by tins 
of u Imr'terium, obwervod an early OH 1WH 
by Ohrintoi ami Kiener, ami morn recently Htudimi at 
Berlin by Hchiitas atid LiUler. This uiim'olm appoam 
in tin) form of very iim* roas (bacilli*,*) in tlu* lun*(H r 
livnr, Hphtim, and nasal cavity, BalH'.H and liavas 
found thin bacillus in tho human subject in 
Kxpc^rhnontal cnliitrfm have, \wm made 
in France and (Jtiniinny, and have givou 



It<nicharrl r (Japitan, and ( 1 harrin nuuta thotr cultural 
in nmitraliflBprl Rolntionn of oxtraob of meat, tnaintainod 
at a temp(tratur of **i7 r * By uioaim of 

thyy havw <ibiainotl tho 'production of 
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mixed. microbes, presenting no trace of the original 
lii pi id, anil this was done in vessels protected from air- 
germs. These eultums may bo curried to tin* eighth 
generation. 

Asses an<l horses inoculated with liquid containing 
tlw mic'i'nht'H proiluciMl by (liis cuHiuv huvo fli<'<l with 
tlu^ h'Mons chnnirtfristio of glanders (ghui<h i riMis 
tuh*n'h i ,s in the sjih'en, lungs, H,rA C'afs and other 
animals which have heen iuotutln((Ml in (he same \va\ 
<lic \\i1h gliunleroUH tuhejrles in the lymphatic gland** 
and other organs, 

It fullows from th( i se r^pfrntienh thni flu* nwTobt* 
wli'h causes fhis disease is always ri*jroihi(u*'l in the 
difl'erent tMlfure lii|iii(|h with its r!iaiv>Hi'iTti fonn 
and diiuetisiiHH ; that uni<iutgiilatiM can he inor^utided 
with it, as well as man and othenmiwaK In fad, thin 
M the rusiiittlal euurw of thi di^ea ie, 



VOL I'KnUIXK AND KlAf'HItUIH. HlKllASKH AFt'"K(Tl\a 
KlhKWOKMH, 



\V hav already Hjjtkn of mnH/*ar1inrs a tlk 
worm's liisnaHu proiiur^Mt hy tt mu'Hwopic fungus; 
two other dmeascH arc caused by dinUwt microU% of 
which we, muni shortly npeak* 

/V/Wrtf,- In i\M mlkwortn nnrsori<*i4, in wliioh thm 
prevails, thn mlkwonim which JKHUI^ frwn thft 
M, technically citlhul need, arc slowly and irregularly 
vl f HO m to vary greatly in hsa Many <iiy 
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those which survive the fourth moult 
shrink and shrivel away; thoy can hardly creep on to 
the hi>afhur to spin their cueoim, unil producse scarcely 
any silk, 

On an examination of tin 1 worms which have died 
of this disease, l)i, Quativla^ast'ertained the presence 
of minute, stains on the skin and in the interior of 
the body, which Iw compared to a Hprinklinjj rf 
black IWJIJHT; lu'nco ihn naiuo uihrinc, Un<l^r the 
tht-so staiiiH assunui thu form of small 
likn baett^ria, which (/unialia termed 
vibratihi corpuHcli'H, uu account of thoir movements, 
Finally, Osimo and Vittadini aHuoii^uncd tin* oxiHtttnco 
of tlntKH <jcrjUN(*h'K in tin* *'^H, and conscqu<?ntly 
showed that tl< (*iiili*mU, mi^ht bu averttul by the 
Ht^h 4 . two of healthy J'jflLps of which tin* Houndtumft 
nhoitld bu t^iftblislu^l t^y mi<ToH(tt>pi(t examination, 

it was at about thiH datt*, 1W5, that Fantuur undt?r- 
tonk tho (txhauntivu study of pfibriin^; but Jk'chamj) 
was tho firnt to pronoimcit the diHtn*HO uaninitic,, 
reHambtin^ masoardino in thin rcH]xtet y and cauHod by 
tho atUckn o a microbe or ukierozyma, to a<lopt 
I JVhamp*H name -of wbicJi Uio gorm or spore in derived 
from the air> at firnt attacking the fiilkwonii from 
without, but multiplying in it interior, mid developing 
with itn growth, m that the infected moth in unable 
to lay its eggn without depositing tlio wporew of the 
microbe at the name timo, and thun oxponing the 
young grub to attack m soon as it lit bout Pasteur's 
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own researches Boon induced him to adopt the 
suiiu view. 

Tin* pehriw* micro! iu was lorn* regarded as a true 
Utcbttrium, successively described as Ibn'ternm* frr/7/i- 

lft/riH fKii;. 72j, and 



f'*Q c> J'ltHhtn/tftfftnti ortiffr l)all(inni\s rccnifc 
* Q&Q ^ nwtar<!hi's tend to show that it should 

*^ 



*, mud* 
iienror t.o rminuds, and des 

ntini/' i MO /fy;oro;wo'/", The*io protista, 

regarded as phmis hy muny uatttruiixttt, 
chiefly diiier from hacieria }y their nifidi* of growth 
and reproduction, in which fhry tv^einhle the pnra- 



In tfjirtrtrtiMritt, growth ly ilNMion, !>ti rule iu all 
has not, hi<*n nluervcd ; this di*fwHtion in 
nt.ai. Hporoxoaria multiply I*y free 
hi a mans of Harrrxlu wuli'iinnce 
from the i*iicyhf iti^ of ilie primitive o 
fmother*ctIlH). Tin* fonnntiou of innueronN 
may IHJ olwtrvcil within the mothr cell^, Imving 
nppcnmriicH of jHMUjlnttwtt'ijIit 1 or H|MintM of 
rudicund pHoro,sjMTinia (pimtsite^s of vertebrate animal*), 
Hiilhiani forms thw or^aniMK which unt found it* 
many inserts, into a wmUl #roup, wlnic-h he tcrnn 



Thu ripu wportiM an tho vibrnlile (MrpuiieieH of 
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(Jornalia. Th<*y closely resemble the spores of some 
bacilli (#, fttHtflvhiwtfir, for instance), and their germi- 
nation is liktiwisu (ilKifiteil by perforation of the spore 
at one end, and ksun of tho, protoplasm from the 
interior. This, howuviT, does not issue in a rod-liko 
form (Itttcilhw), but in that of a amalt protoplasmic 
maws, with amutboid movumiuits, a characteristic not 
observed in any bacterium (Hal I mini). 

Tho otlwr HpccicH of wilkwonas which have been 
recently introduced^ notably thu oak silkworm from 
tM l'6i*H,t/i) 9 &rii attacked by microaporidia 
to those of pebrinn. 

has indicated tho molo of averting tho 
of this diH(*asx Ho has thus addrcssod tho 
*: " If you wish t<^ know whether a lot of 
rocoonswill yit-Id yood sujd,H<paratw a portion of thorn 
and rtubjoet tlu k m U* boat, which \vill aecolerato the 
<>seapo of HM* moth by four or flvo days, and oxanmw 
them under tint niicruwopo to ascertain whulhor c>r- 
puftclew of pfthmut wm pnH(*nt, If they ar, si^n<l all thu 
cocoonn to the nilk fmitory. If thoy aro nr>i diwaHt^d, 
allow thorn to bruud, and thw HOOI! will bo good and 
will hatch out Humwsfully, In a word, ntart with 
atwohitoly healthy MWM!, produced by abwolutidy pure* 
parents, and roar thmn umlor mush conditions of 
cloanlinasH and isolation an may ensure immunity 
from infection," 

When the disoa6 i (lovolopod, fumigation with 
sulphurous acid IH reconuu^aded, or preferably with 
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creosote* or carbolic arid, which do not affect the Hilk- 
worms (Beelwmp), and Vhieh hinder tin* development 
of micTosporidia. These fumigations likewise keep 
the litter from her'omin^ romipt, and in a properly 
conducted nmviery the litter \* kept dry. 

fr'ltttJH't'ia,- -Wrongly confounded svitli jelirine t lhi 
iliM'nsey/rfr'/yf /vV ^ htill mun* di'itnn^tixe to .silku 
The symptums are reinnrkjiMe. r Phe re;iriny of 
vnrm.s often yoes on n-^ularly up to the fourth niotilt, 
and Hiierr.sM M-em*. ns,iireil, v\ hen ih^ silk worm** suddenly 
<*easj to frrd, nvoid the leaves, hefoim* torpid, nnil 
jieriih, while still rrL-iinin^ an ap]<e;jrnii(M of \italHy, 
MO (hat it, IN nc*erss?iry to touch them in itrder to ascer- 
tain tht theyure dead. In thi^ state th^ynre termed 
<jlttlH. A few days, Hoiueiimes even fi*w h**urs, 
t-o tmnp*fonu the n*o;t nourishing nur.nery into 
a (iliarnei-huuse, 

IViMt/i'urexfunined then** ?/w/'/*-//rr/, and fouiul that 
the leaveM contained in the Alnmnvh and indMine wens 
lull of lm-e(eria, riwemhlin^ thoi** whieh urn developed 
when tlu* leave* are hruiMHl in 
huf water and left topufrefv 

* * 

7^;, la u healthy 



** <* t 

'* i? * therefor^ 
aiseas^ JH owin 

, ami hecumte.s rnpidly fatal in animals 
which consume mi onormuu.H amount of food, and do 
but eat from murmiej to niylit. Tho 
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ferments of unhealthy silkworms do not suffice to 
destroy the bacteria of the leaves, uor to neutralize 
their injurious oiKwtH, 

These bacteria are really the cause of the disease, 
for if even a minutu quantity of th leaves taken from 
the intestine, of diseased silkworms be given to healthy 
specimens, they soon dm of the Maine disease. It is, 
therefore, essentially ctmta^iouH, and hi order to prevent 
thoiliKcnsrtil silkworniH frotu contatninatiiiy tlio healthy 
by Koilhi}{ tin* JwavisH on which the latter arc about to 
ftwd, as much Hpaco should bu assiyniid to them as 
possible*. 

<J(Hi(l seed should also bo selected, since it has been 
ascertained that some lots of seod arc more liable to 
tho liiHenHcs than olhei^. The affection doos not indeed 
bejjfm in tho e*,% as in }>ebrme, bfc the, question of 
heredity ounes ia It is dear that when a silkworm 
has been attested \y JlinJwrw without dyin^ of it, itn 
<*gKH will have litf-It^ vitality, and tlus ^rubs which issuo 
from iluwt will be predisposed by their feeble* cuuatitu- 
Llon to contract thu 
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CHAITKIl V. 

THM MK'KOISKS OF UI'MAN IHSIUSKH. 

1 MinuusKs OP Ant, KMITII, AND WATKII. 
IT IN jLCi'WMlly aihnificil that tin* liir'p 1 twijority of 



an 

ilN ar<M'mihi><l hyiln* i 
kindMfif iniiTiilM ifiici Hit* nr^nni.-^n, In n*|*ly to iho 
i|Ui*Hti(n how Iht'iH* tniwilwH nr* iiih'ntiucfMl itito thi* 
Jwi<l)% AIM! wlmn* Mn*y *W" l^'f^r*' I'tilt'rihjf ii, ii is *usy 
io Hluwiliat ilirw* mi<*rolu'H i\M in inttnt'it'if tiutiK*i\s 
- tiny <*r tlioir H|iorH ..... In Hut air wn tovntlits in UH* 
witter w* 1 drink, in th ^rouutl n which wr tn;ul, 
th<?r<* rinoH, wlun* ( vi*r it i 

with nil Kort of ^nnf, whirli |M 4 

with th* nir into our mouths nn*l 



of fchn coiMlitionn of pxiMrm'H of 
eM whoa they art* in the* noil <ir ^rtifr, 
roseim'hr'H <f Xopf, n Ut'nnan huinnint,, b*nI to 
show that ataon^f tho mfm'ior alga- 



TIIK MICHOIIKS OF Hl'MAX DISEASES, 157 

or S^hizophyta, there is a very remarkable dimorphism 
of mode and habitat. In Urt/fjhrftHi, of sulphurous 
waters, for instance, and in Cttnhtthrfa vvhfc'h forms a 
whitish pellicle on the surface <F putivfyin^ liquids, 
Xopf has found, under certain conditions, all the forms 
designated as MitToeomis, IJurilhis, Leptothrix, and 
iittctcriuni; that is, mkmbes strictly so called, in- 
HndiiiH; those, which are the producing admits* of 
diseases, 

these, nlgsn are found in water or on a damp 
soil, conditions of existence favourable to their develop- 
im*nt, there tinny live anil multiply. But when the 
soil rlrioH up, -when a river returns to its bed after 
a Hood, or a marsh disappears in tiotiHotjiionco of the 
evaporation of its waters, all these algw #ive forth 
dormant spores^ destiii(id to ensure their propagation. 
We have described the formation of these spores hy 
<umc<mtration of the protoplasm in tins interior of 
Mich cell; in this form their volume in very small, and 
they aro extremely lijjht, HO that as norm as they are 
doHiccatetl, and then only, these spores are carried 
away by tho slightest breeze and borne to great dis- 
tances. Theme are termed air-gttriuH, 

When them^ moving g<trms onctmnttir a favourable 
iriedium, at once moisfc and warm, such an the human 
mouth or limgw, they fzust*m there and are immediately 
developed, first in the form of Mwrorwctiw, then of 
that of IfaefaritMt; /fcttSttw.*, or /rfi>Mhri& t according 
to the KpochiB to which tho nporo ia tjuoBtion bolotigH, 
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/SVA?:r>/ '/////'& may therefore have two very different 
o.sof existence, comparable* to tint hetenecia fVlwnj;e 
of habitat) ami dimorphism of lint fnnj;i J/>ro/////(7'/'w 
nnd littHtfHnitinrt'fi 1 *, KchiHomy<MMlHAvevei\ although, 
like, funyi, they obtain their iiiMirishmenf, from organic, 
substances wliirh lic'iv*' lictn aln*ly <4abi*rrtird l an* 
not. truf* jiara^iii's in tin* fiist sta^o of thi'lr rKi^h-iM***, 
hlfh stajtr** nicy 11 v* fnrly m il* \\ufpr, or on 
soil. They l'ionii' irui* |mn^iit^\\)u;n thiv 
' into tin* hlooo! a<iul ti^sin-H (jf man, in which 
'Ssaiily live, at tin* ?\ji"nsit of their ho,-t, 
it, may lie ,stun \vhy halT-ilrietl mat'MheH, 
from whh'h a river hsu refreafetl in order 
(o ivtnni to ils lM*(l r ^reafc f*xrjtvaiinns of tins HOI I 
tn'W,**Mtry i niil^ay-eut.tiii^M, <*{<*., heroine the Htitirm* 
of a lar^e, nttiuher of epiilentir or ff^itii^i^tH <lisi*aMvi, 
In all the< }>la,reH the stth.^i'lin^ wafers have left, 
Ni'hiwjdtfjtti, or microlwrt in it ilneil winfe, #tn<! these 
are, Moon transformetl Uitrt ilurtiutni sjiore^ whirh are 
tlUfuHeti through the, n\v arul enter the mottih and 
ItitijfH of men living near the rivern untl mar-HheH or 
who fire working on the railway >ouffin#, The j*oil 
u*hieh has remained mullHiurheil for a limit while IH 
full ff dormant poren, drawn into !i hy (ho min to 
a greater or lens <lejtt!* ; thiiHi* may jtrewerve thi'ir 
vitality fi* many yi'iirw, waiting for HIM fjivimral>lt 
nu'itintM wliii'h leadn to their fresh flevelit|iiiufnt 

An m*i|t!JuntHmw with iiir^ i rnis wiiii <ho mirohfH 
of uarth and wakrjtan thorefom hecontu n 
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to the physician and to the professor of hygiene, who 
are anxious in deddo on thfi precises cause of great 
epidemics in order, if possible, to foresee ami avert 
thorn. This m*w branch of meteorology has been 
termed atmospheric micrography, since it necessarily 
involves the use of the, microscope, 

jf/// 1 Jl/tV/W)ftf f/* Mr? AlftHiMfthrrt*. In the obsorva- 
lory of Mont'Souris, Paris, there, is now a special 
laboratory tinker th<; <Hre<tion of Afiijiiel, with the 
olije<tfc of studying the living organisms of tho air, 
of oHtahlLshin^ st/atisties of tlnnr times and 




J5'vW :i TT^X 



lllif 

fctfr"./yV; '^1'^ 



UK 1 * "* M. 



mul H|>nr*'M nf Almiplif<rlr diiNt, inUrd with 
tirlf^, Hint I'ollr* hU ly thti u^rMht'ti^u* 



and of drawing general conclusions as to tho Iiygicnio 
eotulition of tlio air, aw.ordintf an it in uioro or 
lim charged with the, microhen and Hporew which 
aro faetorn of <IiHeam k . Thin laboratory IB provided 
with the apparatus necessary for such kmdB of 
research, 

Tho firnt of thcma appamttiB fiurvrm to collect the 
living organiHrnn which aro alwayn minglod with a 
largu amount of inort duwt (Figa 74, 75). The 
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apparatus in founded on the principle* of the 
invented by Puuchet for the examination of air-dii,-.!, 
It<Mn>Nt.s of a small cylinder in winch a (jurrent of 
air in produced ly means of a,n aspirator, on which 
running water act*, .similar in those in HM< in nil 
laboratories of jhy,>ii*s sintl rhcmi^try. A t!iin plat** uf 
//In MS, which hw on it a layer of ^lycrin*^ is ]lac,e*l 
at, flie bottnw of ihe ryliit'1ei\ si> as to intercept the 
current of air ami arwt Hie <iuit. The apparatus 
employed liy Miijuel at Mnut^uris is only a nioitiiirut- 
I, ion anil improveiiu'iit of the on* dexi-ed Jy Puuchet. 
Th' Lflaiw idide in then tran^terrrd to the object! \e 

O ' 

of tho inlern.M'Mpe in order that the diiM. de| touted 
on it. may he (!\ainin'd. 

This piori^s has enabled Miguel to deiine the lawn 
wliifth rule the nppcarance df microU^ in tin* utiun- 
Hphere, tuid li* h been able to caletdat" their niimhttr 
iriik^ivHi volume of air, With respect to hiieh funtji 
and nl^ie as live in our huasen (mould ), and on our 
roofs, walls, and on dn,mp ^tound fsuch alp** ir* /*r;//- 
rilHttnt, l*rotiMtH'rn* t (UituriH'tnvu*, etc), he Jin-^ arrived 
at tlw following; results, im far aw MontsourK ih^ niti* 
of hm [^perituetiU t IH concerned, 

hVw in nuialwsr in lniitinry mid F 
number of mould >wporeH fuiiher diwipHhcrt in 
luul risi'H Htfaiu in April, Mny, r*d Jfum*, in 
inoritli the maximum SH nilained, The dccreHnn inwlow 
up to October, more uuirkwl in Novrntlwr ( iml th< 

la thiw 
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influence of rain and damp is very marked. In winter 
the average number of spurns in every cubic metre of 
air does not exceed 7000, while in June it rises to 
tJ5,000. 

In summer, however, when the temperature is 
very high, tho number of nporen is not great ; for this 
reason, that, in spite of the heat, the air IB moist, and 
the spores settle on the ground, plants, or other objects, 
instead of floating in the air. On the other hand, in 
winter, mncfe very colrl weather is generally dry, the 
number of air-germ?* increases 

In mimmor, Btoruw only purify the air for a very 
nhorttimo; within fifteen or eighteen hourn after tho 
rain, tho germs reappear, and arc five to ten tirmw 
more wnnerouw than before. It Hoonm that storms 
give an energetic impulHO to the production of mould*. 

If wo turn to consider microlxiB, strictly HO called, 
or tho bacteria which arc tho cauHon of malignant 
rliHcamm, rewearch bncoiuoH more diffictilt! on account 
of their smaller ntee and great tranwpanmcy* An 
expedient in necesnary to reveal their presence and 
UB to count thorn accurately; this expedient 
in staining them by various procewsBOB, of 
which wo shall apeak when we come to discuBS the 
mlcrographic ntudy of <Irinking-watBn Miqtiel prefers 
tho proceftB of filtration of tho air invented by 
PfMytrmr, which eoniHte in pacing tho air And Aqueous 
vapour into tmch ftt&riltaod liquids aa are favourable 
to the nutrition of microbea. 

H 
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AND MOriJ)A 



FtlrrtHml /Yf/w/x, Pasteur has shown that air may 
h< i deprived of all its germs by hoin^ passed through 
a capillary tube, iurned back upon itself. He tnkcs 
u glass flask and drawn out, its neck HO as to form 
a Ion tube, whirfi i.s honi in diW'ivnl <lin 
(Fiy, 70). Th(i prolong M! application of ht-ai 
the air contained in thn flask, which ii U 

^ and it in then allowed to cool .slowly, A 




\t 7ft, 



hotcultunt liquid may now 1m put into thn fliMk. H 
IKS iiHwrt'iincd, ty kc^pinr.r th* k flu-sk at a twn- 
of SMS'' for H^vcrul <htyw, that ttu* lifjnid i* 
c<nnpUdc,ly Htcrilixcd, Th o.uititro tluhk* nn* thun 
t r^'ccivii the air which in to hn thn ohjuct of 
, together with tl H|>orti4 coutn'muil in it, 
(fitftttM //f/wWH,- Th^m in a consi<!^rahl*> variety 
of culture liquidn; PitHtnnr T H mineral solution, infumon 
of hay or turnipn, ntmtml tirims chicktni'-broUt, twjf- 
t<a r eta They nhould ln^ plun^i*d in a lath heatt + d 
to a bttiipcrftburo of ISO** to 180", M!UW 
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are capable of resisting a prolonged foiling at a 
temperature of 10(f ; tlu*y still live and arc capable 
of giTurinating and multiplying wlinn the liquid is 
cooled. 

(Jnlturo liquids may also bo atm'Hxcd without 
tin*, UNI. of boat, which to nomo extent affects their 
nature, by filtering them through a porous substance 
hjNcuitrwan', or a mixture of plaster and amianthus, 
etc. A mmv perfect apparatus is employed by Mi(jutl, 
cnnHiKthtg of a filter of very thick papiir, throu^li 
which the liquid IH forces! by the aimultaneouH acticm 
of a vacuum on one Hide, and of Htron# procure on 
the othur. 

Kor tho artificial culturr) of anicroboa, solid or 
partially nolid HulwtaiH*,*^ are by preference often uoil, 
UH mlutin, or Hlic.(H of ]>otatreH,, caiTotH, hard 
etc,, pnpar<d in difftuvnfc wayw anrl wterilisseci 
urn*. Wi* cuinnnb hern lUwcribn in <lt > tail all the 
employed and the precautiotm ii(*(f(*HNary in 
order to avoid ormr. We munt content ourwJvoH with 
giving the roHults obtaim^l by Mic{ucl. 

Thiw are on an average 80 bacteria in a cubic 
motro of MontHouriH air, A hundred of thenc bacteria 
incliulctft 06 AtiwwQtwit 21 Jiadwitt and 13 litwilli, 
In rain watetr there IH a dilferont proportion: 28 
MwrcMioatA, () Itai'terw, (>3 ftacMki At tbo beg-toning 
of a thundorHtorm, the min-wator includes a conmdor- 
able number, abr>ut 1 5 to the ctibto centimetre ; then 
the number dimim**he#, but Miguel ytatos that " after 
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two or three <lay of clamp, rainy weather, tin* rain- 
water offcuu contains more bacteria than when it hc^an 
tu fall. Kincu thu atmosphere IH then excessively pure, 
it seems that tins bauteria arc able to lives and 
multiply in the clouds, or duo that the, clouds, in 
their passage through space, taku up a varying eon- 
tiii^nt of ^TiaH," 

Tint luaNintum of air-<j^rms is ohsitrvtid in autumn, 
tho ininiiiiuui in winter; tints, 50 bacteria vvrre counted 
in I)CI*IH|MT and January, only JKi in Frhruury, 105 
in May, 50 in .hum, and 170 in October. 

Inversely to what occurs with moulds, tin* number 
of Jtfu*,ii-ria, low in rainy weather, rises when nil 
inomlurn has disappt^ared from the surface of the soil. 
Tl effect of drynens is ^rrntitr than Mint of warmth. 
Thin explains the scarcity of bacteria after the* 
rairm of February, April, and June, A Uw# dii 
is, howovcsr, unfavourable to their development. 

Mi<|ii<*l v H e.xperimentH load him t** c*oncluds tlmb 
dw, UMI ova|ioration front the h<il Is iuvcr rhar^ed 
with spoim The* dry dust in thn neiyhb(*urhood of 
inhabited plaws, and especially of ho^pitaK is, on tin* 
other hand, clmrgvtd with nti(TolH^ In th cntr of 
Paris, for example, in tho Hue du Rivul^ ilwm ant 
nine, or tr<u iinuiH a many tnwmlum in ilw atmcMtplu$m 
UN in Uus Tidj^hbourhood of thft ft>rtUi<itif*nH In tint 
Montsouris Observatory, wmlh of Paris, fcho north 
winds lirin^ niany moru hactoria than the wwith wind. 
Tho moat iui{>uiw wind comuw from tlio lulls of ViltetUj 
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and Bulleville, crowded and populous rjuarterw, in which 
arc also cemettTics and slaughtur-houK&t. 

It lias lony boon established that the air is much 
purer on hi#h mountains or on the sea, than in plains 
and in the vicinity of inhabited places. If glass flanks 
which have btiijn previously Htorilixed and deprived 
of air an* taknn to a j^reat height on the Alps or 
Pyronw-H, and then filled with air, it will bo difficult 
to detect any microbes, and the few which may bo 
found are possibly brought by tho observer. So 
again, on the top of tho Pantheon, a cubic metro of 
air only contains 2K microbes, while 45 ai'O found in 
tho park of Montsouris, and 402 in tho centre of 
Paris., 

Th<>, MhwolM'B of RiMininf/ and Drinking Water. 
Water, whatever bo its nourco, contains many mow 
microbes than air. They are oven found hi Hpring- 
water taken from its source, which nhows that they 
exist in the interim 1 of tlw <, k artlK Tlie following is 
MkjuoFH (tHtimubi, which will give an idea of the 
tjuantity of microbes found in I'WIH water, taken from 
different places : 

Hourw of WRtt'f. No. nf mI(Tr>b**fl 

to itm litre. 



Water from tinUu, AHiiU'tvrt ............... 48,(K)0 

..................... 6-MMO 



HtMii^ wntiT (fruin Ifttroy, tilmvo !VrJH> ... ... ... 4,800,000 

Mm WHivr (fhnu A*mi?w* i> low Parl*} ....... 12,80(^)00 

Bc^r-WH^r (frt^rn Olic.hy) ..... , ... ... .,. 80,000,000 



Ififl MiniOBEH, TORMENTS, AND 

These mimberB aro the minima* The putrefaction 
of stagnant sewer-water produces germs from winch, 
in a few flays, microbes arc multiplied by thousands. 

(Jcrtes, in Francis and Matftfi, in Italy, have lately 
been occupied with the microyraphiti study of drink- 
in*' 1 - water. Thene observers iv.venl the presence of 

ri * 

iMUTolieK in the \vaier under 4'xaitiinaiioit iy merits 
of staining n'a^ents. The renyenf. most in use is a 
Iv5 i>< k r cent, solution of onw', aril (rrrleo. OHIUH* 
jirid kills the niierolies witlmufi eluiU^in;,! their form, 
and precipitates tlieiu to the bottom of tint jjbivs 
v<*Nsi'l, whence It. is easy to eolli'H. t!iem A t'ulw- 
Centimetre of the, Moluiiou Kitiliers for J0 or 40 cubi** 
mitiineircH of water. If is allowed In settle, then 
thu liquid is poured n\}\ and the thick, dark-coloured 
deposit vvbich remains con^iKtw of all (hit oi^miwuiN 
pre.vioUbly ilitlusefl in tint liquid, and may he examined 
ttnder tlie microscope* Tin? nnly draAvhuck to the 
une, of this reagent in l)w hiyli price 4f o-^mic tt**id, 
a niaiU'f worth coimideratiou In the cxti'wdvii and 
comparative, msearcheH mtceME^ry in them* itiiHfh, 
nUtain(l analo^ OIIH ^e,miltH with cJdorid of 
um, and (/Sirti', with iodide r>f jrlycerini% aiul 
ulcohoHc sottttions of cyanine, yetttian^ eta; hut none 
of thoHn ren^e.ntw art* H cflici^rtt a OMII'US aeid, tf 
which thn died, IH tnoro pn^^we, coimtHitt, and durably 
i\(irwh<>H of th? Ml - The jrtvwwit rf tninrolHW in 
Uio noil hH Inten proved by Pasteur and bin fcilow- 
wurkurN,Ohaiubevlttiul and RtmK, hi tlic t^^ttraliow iuti* 
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the nature of anthrax, of which we have spoken above. 
These observers collected earth in the neighbourhood of 
trenches in which animals which had died of anthrax 
had been buried, and found that nob only on the surface, 
but at sonic depth, this earth wan full of bacteridia 
(liddtltis antlmwiM), and also of many other microbes 
or g<;rms, of which the inoculation might produce more 
or less dangonws diseases in animals In onlcr to 
proctms earth in a more perfect wtatc of division, it 
occurred to Pasteur to collect the excrement of earth- 
worms, which consists almost exclusively of clay, rich 
in hurnua or writable earth, on whiuh the worms 
are iiourishnd* Thin uarth, after passing through the 
intestinal canal of worms, still contains microbes which 
havo not losst their viruhnc<*. As we have already 
wild, spring waltT, on issuing from the soil, contains 
iiuuruhttH which it has acquired in littering through 
al layers; and w<s have also mentioned thn 
microbes of chalk, dating, aa BiJchatup believes, 
from the secondary opuek 

Tdl-&rk Mid Mbkwtin Tkeorm. Hence, it i in- 
tfllixiMo that a theory should havii been formed, 
ascribing most opidemic diseases to th iniluenca of 
microbes of the HOI I, which can at a given moment 
<*nter the human body, first by penetrating into the 
hmgB and digmtivtt organs, and thence into the blood. 

Two Gorman discoverers, Pettonkoter and Nfigeli, 
mi forth this telluric theory of dirtoam*, and ovcral 
facts confirm it It explains why intermittent fever, or 
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malaria only prevails in marshy countries when tho 
marshes are, partially dry, an<l especially in 
In order to mako such country healthy, tin; 
umst bo completely dried ami fillet! up, and then 
transformed into cultivated ground. So, a^ain, tlw 
rwjr valleys in France only become unhealthy \\hen 
the, stream return* to its bed, leaving the, adjoining 
meadows trtinsiuniied intn marshes, wliidi gradually 
dry up and send forth into (lie air n host of spores, 
produced t>y thu wchixophj tu deposited Jy the vvate,i\ 
Finally* j^reat exeavaiJoiis of earth difl'use tlirnu^h the 
at.mosphore thv donuant Hpore-t brought thither by rain, 
and remaining hi a deHie,ejtte<l state in tht soil, 

In many CUMUH, Ui** inti'muition of two mirtrobes of 
iliiferent kinds havo beetuiH^timi*d to explain thtt nature 
and pro^reHH of jj;reat epideiaies.Murfh UH cholera, yeJIow 
fevur,ntul typhoid fever* This hi termed by Nii#'H th*^ 
dibbtstic Uit^ory (or that of two producing a^4>nt<H <*f 
UiscAHo). Tlnn the nticnbe of nialuna, or intermittent 
fevur, whii;h in not ^onbi^'uiUH, ofte.n pr*'d'Mpf>,t<'H Urn 
patient t<> WiUiivo ttu> attiicks of anoth(*r zymotic 
ilivnm\ Hinsh an cholera or typhoid fever* Thw twt 
microbes may subsist simultaneously in tlm human 
fnumsand tliir joint action may weaken th^m*^imimn 
at the (txpnaHC of which tlmy live and multiply. 
NunieroiiH camw might lift eitcrl tt> mi|i|iurt tliU theory, 
tbij following itxaiii|iltM may }w ^ivi^n: 
"In tho Knmmttr and aututiui of 1H7*1 tht town of 
wan vinited by choleru, which \VUH limited to 
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the lower part of the town, .situated on the banks of 
the Spoyurbueh, There wa.s a hospital for old men, 
situated iu the high part of the tn\vn, a quarter which 
remained free from cholmu, hut 21 out of the 200 
ptmsioTK'TK wlioni the hospital contained were attacked 
by the disease. Now 33 of those mun, the most able- 
bodied among them, had bmi employed to dig up 
sonic blighted potatoes in a field which lay very low, 
almoHt on a level with tlio water which had collected 
in a d<is(irted wand-pit. They had not drunk of the 
water in this Hold, neither had they passed through 
the part of tho town visited by the epidemic: 20 out 
of theno 33 men hud cholera, and only 4* others out of 
all the inmate*) of the howpital contracted the diHeaHo" 
(Nitgeli). 

ObwrvationH wade on board English tramport* 
on fclw voyagt-i [mm India give analogous rewultH. 
M DutadmumtH of oijual number from two regimonte 
(*mbarked on tho namo Httjain transport A fuw dayn 
later, cholera <lctclarol iteelf and carried off many 
Holdierw, all Inslonging to one of the two regiment**, 
and coming from a camp in which there wan a violent 
outbreak of cholera whortly after their departure, Tho 
dofcachtneiit from tho other regiment, coming from a 
place exempt from cholera, altogether eooapeiL" Here 
the influence* of the locality and tho Boil is evident; it 
wan the Hole and oHHonttal agent of the diHuase, aince 
the eontngum could not have occurred on board Hhip, 
in which tho conditions aro generally healthy, neither 
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by contact with the men, nor by that with tin 1 
dotluw ami bafjftfajje, which \v<ra mixed together. 
The cholera microbe \vhic,h had bu*jn brought on 
board ship could only act on the detachment mias- 
matically predisposed by their previous rc.sidence in 
an unhealthy place, containing tho malaria microbe 



tnttl -l//r/v*///w,--This !< ( julsiH to say a few 
words on tin* trnn ntiasnm, ibnucrly in nnrh ronnnon 
usi\ and now withoiiti la^aitin^r. Ucibr** HIM <*xisiinn 
of iui<*rob'S und nir-^^nus wa-; kno\\n, tin* doubtful 
and luysi-crioui pnn(*ipli's which wtiv bflit'Vtid to IH* 
flu* rausn of vintlcittt nnd contn^iotM di^'jtMW w< i n, 
t<*rnud tnift.<fnt;ita and tins** ntia^untfji. wi*ro ycn 
to lu* yjisiH. It is now provi'd Ibai^ thin 
in sol it I, living partich'ji, th* luicrnbcw mid tlii'ir 
ihu UM'III tntaitna "H l<*s- and h-ss rinployiMt, 
or wirv<H to dtHi#rwto air-^'na'*. \Vlu*i, th<n i fop* ( 
.NiijjptH tisi'M the word, hi* n^nrd^ it/ an MynonyntoiiH 
with micrubfw or air-y*nas, 

!/'//, (jtirntitni, of /Vp'/fvi, Hn<'u it follows iluifc 
if* Is tirroncmiH to apply tin 1 twiao of iniaHtuata 
iio trno j^itseM, Htmuii of which tt\irt, an injuriutiH in* 
ihiciM!^ on tlw> huiaan HyHt*m, Siuh urn wtlphatvttHl 
and amtnoniuta Hu]pli"hydmk* vvhic.h an* 
l from privii^and proiluitc thf^diM*aH 
In tlut IIU*H mnploycii ta rntpty Uunit 
ait* dtU*txriouH to microbes its well nn to mouj 
caunot co-exist with them, which in 
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the reason why these men scorn to enjoy an immunity 
from most contagious diseases 

Peoplo are too much disposed, when an epidemic 
is prevalent, to accuse the privies, of which the 
emanations arc, under ordinary circumstances, only 
offensive to the smell. When these* places, as well an 
the, sewers, are, properly constructed, they present no 
danger. But it in rw^nwHary that tltcro slunild ho 
a sufficient; iluw of water in both to cover the solid 
matter. We know, in fact, that if microhm aru* present, 
they only hucmuc dangtToiiH when dry enongli to Uoat 
In the, air* 

In an opulomic of tyjJioiil fever, for instance, the 
soiled body and hod linen of the patient are much more 
dan^erouK than tho privien, in which, however, thero 
is a much larger luuaher of microlwa Tho linen, 
therefor*^ as well as tho contaminated rooms and 
furniture, should Iw immediately disinfecLed in the 
modii prescribed by satiitary authoritieH. 

Tho system of directing c^verythiny to the sewer, 
which is now universally applied to largo towns, and 
which has encountered much opposition, is certainly 
excellent when properly understood and applied, Tho 
cesspools, as well as the cemeteries, ought to ho as 
remote as possible from the houses of thu living. It 
in as much opposed to public health to retain cesspools 
which aro gradually filled in thu course of years, in 
the midst of a town, m to have intramural cemeteries. 
Everything should be carried oft* by the sewer, pro- 
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vided there is it snilicient flow of water to tako all 
solid matters with It and completely cover them* 
These, are deposited in pitmen assigned for them, whieh 
must necessarily be very remote from thickly populated 
plae.es. When these, mat tern are then spread over 
a iar^e surfaee, to dry in ilie air, tint oxygen 
as Pasteur lias said, the ^n-at puriiicr of microhes. 

In Paris, some of (lie sewage water of ihn jr 
main sewer is diverted cm to ihe peninsula of Ue.nne- 
villiern, and it is then directed into yuUers fo serve an 
a. manure for nmrket ^ardi'iis. After filtering Utron;j;lj 
the cultivated plots, the wat k r Hows oil" in a limpid 
hiivrtm. * 

(lonullfiui, who^e medical praHin- IA ni <*enne 
viHif*rH, hftH r*',<*enfly Ivnied a report, sliowin^ phunly 
that the Hiwa#e, in hut a slight Koiireo of danger to 
tin* inhahitants of iln* penhmnla, I>urm# iini HITIOUS 
mithreak of typhoid iVver wliirh oemrred in PUTIN in 

2, thorn were only two typhoid eaHes in the 
<s and thenn eases wem imported from 



II, MlmrWIKK OK THR MotTH ANt> DlOKSTtVK 

IK A HKAi/nrv MAN, 

Kinet* tht^r^ in a j*mftim<*n of mtf,roh*m in tlw iiir, 
wit can winHy uuderwtand wliy th*y nhould In? fotmd 
in thu humiin mouth, and hencr, in all |^ftrtH of the, 
canal They are, for Urn imwi jmrt 
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a,s long as the epidermis of the mucous membrane 
covering the intestinal canal is healthy. Pasteur has 
nhown that they arc not found in the blood of a 
hiiulthy man, but that the slightest lesion of the 
mucmiH inombranu suffices to introduce them into the 
circulation.* This fact was proved by experiments 
in ado at Ptmilly-Je-Fort on sheep, inoculated with tho 
anthrax microbe by means of their food. The mortality 
among these animals was notably increased when 





Hw, W 7H, tf/u'wAfl'fi" ItHrrnlln, and tf, jtUrntitt*, h (mixed with Vibrio rttfjulu, 
a), iwcrolM'rt iii iiiuutli nl u lu-ulthy umii, 

thintlt/H, ) warded grain, or sharp-edged lavtH were 
inixwl with ihnir food> HO aH to caum* littlo wounds in 
tluur inoutlm, iaoh of which norvinl an an entrance for 
mien/lm AH long an thn micro) >OH ans f^w in Tiumbur^ 
thwy pcsriwh quickly in t)ie blood; but when tho 
number in corwldwable, tho (irganinm ban not the power 
to destroy them ; they HOOII compote with tho eorjmscles 
of tho blood, and tho wont Horioua diKeaH<i onaua 

JMLic|Uol OHtimatoN tho numlmr of Hponw introduced 
into tho human system by roHpiration, wlin tho health 



* ThiM i not th IHO with ftMlii'B. KU^liot and Oltlvior liavo fthnwn 
thut mbrolx* aro iiormully fuuud iia tho bioo<i of iC'a-ilwb, without 
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is perfectly sound, at SOO.OOl) a day, and 100,1)00,000 
a year. It is evident that these ^onns, always 
present, may Busily l>e<;ome tin* source of diseases, of 
which thrush in tin* mouth of infants, and of sick and 
dyiiiir adults, is one of the least alarming. 

Sternhet% surgeon of tin* I Tinted Staffs army, 
ISSO, writes: *' Wht*n I was (K 4 (*u]ti*'il in tin* mirro- 



rf >- ^ <* * 

* "" H 




of fnul rivi-r Wfil*rnt, Ni*w 

to Hrtd in my rtwn nnuth almost all tin 
H which wen* jH***n<*nt in Utn jititrffying liqui 



ofmintttc 

N[>hf)ri('.al forum and of rudn, diiflmilt tn clnsriify o\c<*pt 
under tin* #e*nmc tiaiiM*.s <*f Atit'twtMvi and llnt'taw. 
Another or^aniHiu which I liavn often found in healthy 
human naliva Is a Hpet*i<%s of tfitmtifii {njrlwjw idc*ntkal 
with N, WHtt'iwdi" 

But lite, organism most conimonly foim<i in tlu> 
human mouth, which at tracts utteuti^n from its 
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si /-I* and its abundance, in Li i i*IMri& bucealw. It in 
never absent from the rough surface of the tongue 
or the intiTstiees of the teeth, and even those persons 
who iimko n frequent usi* of the tooth-hrusli are not 
from it. In the latter <?aae, howovtir, it only 
in the form of short, scattered rods; while in 




itt (/,hjfX hi HUfrrnit !((': A. rlll.iti'ilrilK; 
" ij\ uml ii ttm iiuiimn 



other COKCH, tno tufted ntoira of itn vijufonus growth 
abotind in tho saliva, and are often established OH (he 
epithelial owlln, whence they may he detached by friction, 
Sternlmrg eompara* tho liuman mouth (o a culture 
apparatus, in whujh the germs of microbes find an rnvcn 
tetaporatuni arid tho tur)iHturo ntcessary for their 
dtsvulopment naturally pnvi<Ied for thorn -ooAditionM 
whitth (iati only bo artificially produced in tho 
laboratory, 



17fi MICUODKfl, FEKMKNTB, AND MOULDS. 



III. TlIB VlKULKNT MnjKOBK OF HlULTHY" I 

SALIVA. 

Pasteur and Vulpian. in Franco, and f?tornborg in 
America, discovered almost HimuHanuously that the, 
human saliva may, mirier conditions with which wo 
are, ntill imperfectly acquainted, bueomo virulunt, and 
that this virulentje. is due io UHJ action uf&ArinrMtMMtw, 
normally piwnfc iti UM? saliva, a mujrolx* ^uito distinct 
from that of ra)iis, of %vhi*h w<* havo alrrady Hpokin. 

It is cmly known that this wieiwomirt is vc>ry 
onntmon in the salivn of a healthy man, and Ihafc in 
Mourn indivi<luals Uie Hitliva is exceptionally virulent. 
When injected under the skin of healthy rabbits, it 
produces grave, aifccttniiH, often resulting in the animal*H 
death* Thono affeetionn ara duo to the, preHi^tas <f 
tlu> mierfmoRCUNf ftinco tlw snlivn bec^^neH ItarmloHH an 
Koon iw then( orgatiismn are removed from it 

Htnrnlwrp; tnlbrniH tis that hin own naliva in 
among thorns which jKwHenH this cnrtoiiH uml alarming 
property. HH re^ardn tho moro nbun<lant nutriment 
which thin mkrohit (irtds in tho luituths of nomi^ 
pnrHons aw tho CMIM <'f this virulenw, nirufis IhitH its 
development in moro onergetia " In my own ctvw," 
lut writuM, w tliro w a v<ry abundant won'thm of 
My miltum expurinuiiitH whow that thin 
M tutiltiplicH very rapidly, and in virtue of 
thin faculty it hun for a certain time tlu> advantage 
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over Bttrffirimn farmo, which nppi'nr.s to b*> fnfnl t> 
the former when picsunt in any niimhrr* , . , In 
my culture fluskw, a small drop of blond fn!u ;ni in- 
fected rabbit jrave birth within a few ItMiii'n IM Mirb 
a number of microbes that tin* liquid <nn!ain*'d in Mir 
flask was completely filled with them, ind it WJM 
of the nutriment m-cowr for an 



The ox^'ptional virulence of thin min^bo tiunt 
th( k rofore be ascriberl to its vital and r'iniditHiw 
enorjfy, and to the rapidity with whirh it intilfi]Ii"< ; 
at any rate, until we know won? m tin* wibji-ct 



, Tin-: MiruuMJKM ov DKSTAI. ('AHII-X 



dental curio* in chh'fly dnu to tin* il^v-'tititiii^i 
on more Hpftchm of ba<!f.**ria. Tl k jin-s^Nco 
introduced into the month, or d*'V>lop<d l*y 
(ulcorn, 



of thm uiroctimi, Tlu ft 

the dentin**, ditprivwl at ome point nf !i Miji 
coating of enamel, and through UIIHI tlin Imrt^rin 
Haliva can IH rond*?rnd experimentally t?><l by 
it for four bourn, at a tattipi't'ttturu of fc 2t>'\ wttti 
and Htarch (CJtmiH). Iltutm! tlto injiirio<iMti*^^ i 
and other iweetmuttfc, lw% tttid 
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supposed to be the cause of the early decay of twtli, 
evSpecially in children who eat them in excras. 

, The microbe which Miller has 

/\ yV found to be moat common in dt>- 
-" '- - cayed teeth is very polymorphic. 
Mioroccotius, bncteritwti, chainn and 
filaments, are only different phases 
of tlnj same plant, which aluo pro- 
duces acid fermentation in the 
mouth, and tl its formation of lactic 
acid. Within tho dtmtino tuImloH, 
a section uxamiiUMl undnr tins 
microscope nhown all tho hittT- 
miMliate HtaguH bctwc.t^i i 
micrococcuH and the 
(FigH. 81, 82). Millor 
in producing this diHcaHO in wound fceuth artificially. 




.. ,, BactPrtumnfi ...... 

caries in the rloniinc lu- 
: a, lurtifluul cuiii'H, 

H}>OUtun<'UUH Luril'H. 
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Fig. 82, BactcTluin of dental curlon: rr, f>, <liJTTctit fi^riuN o 
c'uUutv. 

According to hid experinient^ the boHt donfcifrice for 
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tlie destruction of ini<*rils is a solution of o 
Hublimatn (mercuric* chlurili> iui* part in JOIH), which 
can bu further diluted by four purl* of pun; wutt-r. 



V. Mirunmft OF lNTKii\nrn;NT uii MALAKJHI s 



W<^ way ini<rol 4 H in lln 1 plural, sine* 4 it i 
o*rt.ain Miat th*i diHrroni iypf^s <f iht^nuiit^nt iVvt, 
tertiary (fiiurtait f(5V<*r, Hc, t aro pr<uliici*il ly fliHl-ri nl 
iuicroh<H; nidr^ovi 1 ^ it I--* iwiUiMi 1 that. Ih^Ni* toirruhr* 
vary with the burality. Tlmt nf iirtf'tiiMtt<'iit fi'V-r 
in Kranco in |>rnlally nct 111*' r4iin^ #IH that *ft* th* 
malaria, *>r fVvcr of llm P^ntiTi** innti'iiu'S in Italy ; 



t fvvt'rN n* the ltr"-i inlrrnnl 
of which t!ii) v<^*'tnli!n pnraHttu? nntitn* 
jK^tiid H^fnro thai tint** w^ w*w only 
with tlm im,NiMit<w of tho Hkin,nmi with ih*^ 
and o{>i%rarliii (ifiU^Linat worum, liui^H^Ari, f^t*?*}, whidi 
itualn, In tHlJO, Jlr, 8aliH)airy f ( ttuviilmui, U8, f 
on nwsarcfhi^H whic*h lfrl kint to thu em* 
elusion that int^rmttk*iii* fuvnr in Uw itmr^hy vnJl<y# 
of UK; Ohio und iho MinHiwippi jnunt Irt^ mtcrilx^l to 
tho {wwrwtt i tho yHtt*in of a 
which ft(|mixiinati*ji t<> Urn gitntui 

of tliin alga arc euM8tftUtJy fuunU 
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of the subjects of intermittent fever. By exposure 
during the night of little glass plates in marshy 
meadows, Salisbury was able to collect similar spores, 
which, settled on the lower surface of the gla,s, ami 
were found floating in the drops of condensed dew.* 
On. passing through these marshes in the evening, 
there was a peculiar sense of drynosa in the throat, 
and expectoration revealerl the presence of spares of 
Palmetto,. Finally, earth taken from those marslion 
was found to be full of the sunns organisms. 

When the marsh begins to dry up, tin* spnmn ar^ 
produced in abundant^, and intt'nnitfcfnl fWiTs occur. 
Salisbury writer that " in ISfiiS, fcho w* i af.hi'r was VHT 
wot until about tho 1st of July ; but that during 
July, August, and Hdptomhcr, there, was hardly a drop 
of rain, Tho springs ami walc.r-ftourm'M wrm nearly 
dried up, tho marshes And wot grounds also W,unw 
dry, vegetation was almcmb compli'tody iim-iifwl, mid 
tho whole country pmsculiwl an arid ttj|u'araw:i* 
Shortly after tho drought b<#an, mti*nwlh*Nfi fiV4r 
made its appearance in all tlio unhealthy distriH-H, 
spread so rapidly during tho monfliH nf July 
August, that it attacked almost/ ovory family living 
on marnhy ground 

" A low, peaty mmdow oxtniulH alon;^ tlm **anal 



* Wo miint r^pnut what liun IKM-II wind U/forn, ilint 
of Iliiuin Hprtrim in tho air in qmtc iiid^pfiuli'tit of thut nf HIM 
which ftotiwtitulfH dcsw; in uthnr \vrtnU tlin vnpMiir 
thaw H|HiroB vhirh munt, on tlui ermtrnry, IK* pcrfVftly ilry 
can Hoat in tlm air urui uuitlo r>u mi> 
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to the Rnuth-eaHt of tht; town of Lancaster, and t.hn 
neighbouring vallcyw aro low ami damp. Tho third 
quarter of the town, touching on this meadow, and 
all that part whinh is not raised from .15 to 40 fiK 
above tho Jevul of th< iwadow, bavu always bwn 
districts in which atiarks of intermit ti*nt fiv'r an* 
prevalent. Thcwfs who liv* n'ar th. mnrsh an* liable 
to annual attacks of fi*vw from May to N ? ov'iiilM-r, 
In Atigtist and Ki-ptuubfr th<*sj nttm*ks an* ^nirrnlly 



We said that moisture flow not favour thi* 
port of microbes and thdr HJIHIVM through th^ 
but tho remark <lww *t apply to fo^s in 
numerouH poww arc fotuut. Wi know that 
fomi(] of minute j^lohuhiH cf watfr, whic^h float in 
tho attwxsplnw, and of which Ihw vupotir of our 
bruath, only visible in cold wrjitlit'r, ran ^ivi* UM an 
idea* T!HHO ^lobu!M of water float in tlw iiir 
HponrH and all kind* of dust do, withotit 
tho Hponm or running io^i'thcr, hitwrn iw< Hiwm an 
occult^! tho fog (M:an<^ to hr*; it in coudi-iisiMJ, und f/i!i.s 
in tho form of nioro or U%M fiiu* min> Hnli^bury 
fiHeertiun^rl tltat thc*rh in a c^rUun e<^nnf^ti>n 
fogn and intermittent f' i vTM, anrl tlax (^p)aiiin why 
|Mt(plo aro moro apt t*> confcnu?t fiwr in th xitf>mi% 
aiul dviinin^ at which Uuum thtTu ix in mimm^r alwayn 
a fog floating fa* a varying hmght ftiiuvn nnnrwhy |betn. 
In a fann nuar I^ancaHt^r, Uio ftuvm*r itd hi wlftt, who 
on thi) lirat iiaor wwo afcttttikiMl by tiirtian 
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while their seven children, who slept on the second 
ilooi*, escaped. Salisbury ascertained that thure \va> 
a fog every morning, rising from a rcswvoir wliiith 
had been recently made. This fog reachud the hounu 
and rose above the first floor, but not an hiyh as tin; 
windows of the .second floor, arid punntratwl into tin 
parents' bed-chamber through the open window. This 
vapour had the same Hintill a& the marsh t which waw 
covered with fever algro (P<dmd!,a febrilix), and pro- 
duced the ame feverish dryncHH in llui throat and 
pharynx The vapour dispersed oou aftrr mmristi, 
and hoforo the children bad left their chamber, 

Salinbury likowiBO asenrtoined tho polyiuorphiniu 
of Patmvlla fabriU*, a polymorphisui \\hich IK con* 
firmed by the recent observutionH of the* nkilful 
luituralwt Xopf, and this fact nxplahw tliu imxln in 
which an aquatic al#a caii live in tho human blood, 
in tho form of Bacillus or 8t*iril,lwni* 

Still more recently (1879), marsh fowr, or malaria, 
which is HO common in Sicily and in Mto Roman 
(*ampagna, have been studied from tho Hiunn point 
of view by Orudoli, Cubrmi, CVc^i, awl utlinm, whc 
aHcribe tho disease to a vegotablo panmith which th*y 
call Bacilli malaria ThiH bacilluN Is nl>un<lautly 
found in the blood of pationtB during tlus prruxi >i' 
attack, while during tho poriod of acwo wliicli ter- 
minatoH each attack only aporow arc* found* Tho wim* 
microBCopie organiBiu in found in all tho inalarioun 
districts of the Itomuu (Janja^ua, and it can 1^ 



THE MICROIUCS OF HUMAN DISEASES. 1WI 

produced in artificial cnltimN, ft is not found in tlw 
healthy parts of Lomlirdy. In thr wtrata of air 
which float above malarious ground in Hummer, this 
mici'i>l)e is so common that it. in found in ahnndanrri 
in the sw':it of tliM fort'iitvid and 

/ ^ ^*% ir *""" 1 !,' lunids fl'V* lS *t j - 

rt / M '/ Thin organism 5s not /inly 

^V ft ltd doLfH (Mtit h* hi<fC!ulnt'*d with 




aro olworvcul in an aut^pny arf? tin* >juu us tln* in 
man, allowing that th<t hit**- ]riifi?m'd \>y thn 
tho npliu'ii and th<* marrow nf th<i lwui*s, 

TlM fact that tlw hacilhiH unrl its i*firc* arc 
H'Hsiv4 4 ly found in llm lilood ojcphnn^ tin? 
iypr*. of th diMi'MHi*, i'.crf inn, qtmrhm, utr M 
the variety of niansh ft-vi-r. Arworvlintf t^> it>* 
and jmrhapH i,u thi^ Hpirtcs of Ht',himt*h$KMi tint 
j)l(^t(s <ivolutioti of tlni plant HOinHinuM d^injindn 4H, 
7S hours, nml tliti IWJ^^H of fiiviT nhva\.s 
s with tlut period of #n>aU<Ht Htntivity hi 
tlus barilluH- that wliirh pr'wdi tliw Minmmn uf 



Two military wur^^otiH* Ijnvcmn <iid 



* It IH p'tiMttlty tifli<'W<rl in Kr^tu'i* thnt 

vi r, 

It IH kimwn Umt in fitly ^UlM ^iittrtift thi>* f^vr whi n 
tt> 
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have also observed the parasitic nature of intermittent 
fever in Algeria, The organism which they have 
constantly found in the blood of those affected by 
marsh fever presents several rlitfurent aspects, but 
appears especially to attack the red corpuscle of th 




No. 1; C ttmrawlfl No, 2, nintlnrilfiw; I>, twpuHdr No. St mntutnttiK 
pignifnl^il Kramn ; K, corimwln Mo. 2, provided with imjfrflt* AJnm^it' t (, il< u iitt 
njobik* fllumont; If, H, corpuwlc NCI, ;t, I, K, mrfmw^ No '-'.of MIMU ilxi% 
red Arid! ag^luim-rntcd ; [j> K lia-uuitlim to whirli tJu- pnmll torjni^Ir-H Nu, it tr- 
; M, i)iguic'nt<Kl IcuaK-yt^H, their nuck-j rwmlc vtoitrif by tttrmim*. 



Mood, in which, according to Lavoitun'n 

w it is encysted like a weevil in a grain of wheat/ 1 
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This obsorver thinks that it approximate* to thn 
algio of the goniw Oscillaria * (Fi#. 8-i). 

Tlie diffi&rent forms taki*u by thin organism an? 
only the successive phases of its drvclnpmHit, and 
have not yttt bcwn obm*rv**d by a computunt. botanist, 
who alono rjari indicate precisely tlntir tnw uatuiu 
At a certain period of its oxistcneo thn parasite 
nttaeli<\4 iisclf to th red fioi*i>uscht of the blood, and 
is nourished at its cuprum*. Thft corpuscle turun palf, 
losisw its colouring matter, and diHitppcarw, leaving an 
residue a small ^rain of pigmunti, n*pn'sintin^ th 
huimoglobin absorbed by thn parasite. Two or 
mobile filamv.nts arise fr<*m ilut (mr 
which niKernblo vibru^and inovw rapidly in the? hlood 
an wxm as thoy In'CDmf) detached, Laveran stut* thai 
he has found tlm samo organism in malaria patients 
at Htirno; and Richard found tlu*m in tho bluod of 
a suil*r just r<*iurn<d from China, who wan 
frt)i inUjrmitUmt fiwor. The urn* of 1 
ponnits an at'.curat^ dia^iumin of tins di 

The Hplwrtoal bodieH,or (hu inicrolH' in it 
form, announce that tho attack in imminent, luid no 
time tfhould 1m lost in adnfmisk-rinfj; sulphate of 
(juinina liichard writ^n that "the* fnitltiplicatitm of 
tluwo boilitiH must Im ttxtnni*ly rapid. For ; 
in tertian fiww tfiny am not found in fcho 
of the attacks (a;///mi;/a), AH tlw attmrk 
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they appear in increasing numbers, and their maximum 
corresponds with the beginning of tha rise in tempera- 
ture; from that moment tlitjy Login to porish, sinru* 
the heat of fevur IB fatal to thum, and completely 
cheeks their development, Thin explains the inter- 
mittent character of the disease, They produce Fever, 
the fever killa them and tlien subsides; whun tipyrexitt, 
occurs they multiply again, excite f uver, and m on." 
Thus there is a successive sorittw of auto-infection by 
the paraite itaelf, unles.s itn developmont is arrested 
l)y sulphate of (punine. "The j>anusitew of typIuiH 
an<l typhoid fever are not affected by a temperature 
of 40, and even of 4*2, and honco UK* continuous 
character of tluwo fevers, " 

Cornil ha, with floxnti justice, criticised Lavoran'n 
description and illuHiratioiiH of tho juiraHito of 
fever* It i diliicult to iw.o^nmj in it an 
really belonging to the animal or v<*#ttfcablo kingdom. 
The form of the filaments which, aH 1m awHt^rtn, isnuo 
from the ao-calbd enctyt(l bo<li(?H, nwinbht tliow 
which Hoffmann has seen and drawn in blood in iU 
normal state, and alwo in varioufl diHoaneH, and an- 
probably only expanHitms of oxtravanattwl protoplasm 
in the rod corpuNcleB at a twujmratuns of 4<r, Tb 
oncyntetl bodies are alno, according to all 
only blotjd-corpuscles, more or I<^HS afTocstiuI by 

There only remain tlio pigmontwl, oncyHttul granuksn 
in, tlio rod and colourluH Borptinchm, granule which 
have been observed by others, and oHpocially by 
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Marchlafava and Col II. But experiments nnd*rtH,krn 
in fdiow that thtvsti granule an> uik*rohi's havtj as yet 
afforded no certain results. 

In short, (Jornil remark-i: "Sincr* l>uH<trm , r uv 
found neither in tho inf.i'rnal organs nor in tli*^ blootl 
ofthoMO who <li*> of inicniiitii'iit lV'Vir, \v<! arc li'injll 
to suppose that tho virulent ap'iii rrsidp,"* in Jitr Mir- 
fac of tin* mutJouH iu^]Mlirano>-for rxwin[>!i% \n that nf 
the di^csiivi* canal ; and that the <rli'iiiiml poi^nn^ pro- 
ductMl under tho infhi^iuu^ of th*'M' inicro-ortf;iiii,-,nr< 
penefcrato thoncc into tho hlooil. Th^y th*u act in 
tho rd corpuwcli^H of tho Mood." 

Finally, wu nmnt n!!tu*inlii;r that; umn> 

thow? nf hot 
by i\w pnwc'mr(i of two 
an W(i havti ,sai<l in drwrriliin^ Nii^ i Ii 
To tho ntansti ini^robi^ \vhich 
another w add*d, of whirh tin* irnii j diuit* origin i 
ilue cithor to dirwtt <<;onta^ioit t or to w$int ollwr 
or atnuoHphiiric local inllttf new. 



VI. JtKwrnuKNrr KKVKII A NO YKLMHV KKVISU. 



We placu) thaso two illwtfism to^tlutr, impljf* 

tlu*y havo rarely IHI*U olwom*! in 
E^curroiit ftsvi?r or rulajiNiiig typlaiM t ii a 
which luui Innm <>Ijm*rvii in Uwiiinny, EWKWIA, 
and India^ in which kitor country it k ealloil jungb 
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fever. In all these countries poverty, scarcity, an<l 
famine appear to be the predisposing causes. In 
this case, the presence of microbes in the human 
blood has been established in the clearest and iuot 
incontestable way. This discovery was made by 
Virchow and Obermeier in 1808, but nothing wan 
published on the subject until 1873. 

Tho symptoms of the disease are very like those 
of typhoid fever. The microbe, which may always 
be found in tho blood, and which characterises tho 
disease, is a Spirillum or Sjpjrochwfe (*S y . Ohwnwien); 
that is, a filamentous organism, twistwl into 8vfral 
spirals, and animated by vc*ry livoly movements (Fi#. 
51, M, o). These spirilla may bo wen moving in 
thousands among tho blood-corpuscles, when these avo 
placed under the objective of the microscope. 

The difficulties experienced by the original 
observers in their attempts in inoculate man or 
animals with the disease, and tho fact that in HOIIIO 
cases tho microbes appear to bo absent from tho 
blood of aflbcted persons, have thrown BOIIIO doubt 
on the relation between thu difmso and it microbes 
This is because tho conditions of tho existence of 
this plant in tho system were not Huffieiontly con- 
Bldored. Albrocht has recently Hhown (IH80) that 
blood which apparently contains no Nptrilla will, if 
kept in a culture-flask for some dayH, protected frowi 
air-germs> bcscome full of tluic organiHUiH at the ornl 
of tibiat time, a proof of the pro-exitttunco of the wporen 
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The flame observer was abhs to point out tin* spurns, 
which arc only visible under a ma^nifyin^ pnvu'r 
of 1000 diameters, and which sawed in th** spirilla 
during the remittent period. Moreover, a monkey was 
successfully inoculated with the discus* 1 at Bmubny, 
and after the lapse of Jivi* diiys spirilla went found 
in tho animal's Mood. 

Yellow fever has not y*t heen suflieicnUy studied 
in the countries in whidi it pwvaily, lnt th*r' eau 
IKJ no douht that it is likewise |rtduc(>fl Iy a Mj'r*ial 
n. Originating, as it appears, in N*rlh 
prohahly in the iMfn of the Mississippi, this 
disease IUIH been spread by maritime croimueirf n\w 
this wholo mtortropiwil xotu* of the (lile. The 
of infection art i always on thesea-bounLat. the 
of {jnit nv<Ts, from wluVh we cowhide (h;tt its 
inicrohn is found In ii.s free htad* tit I he bme|,ihh 
marnhos fonued nt rivcr-ntonth^ 

Th inediml men of Hio d*^ Janeiro, ami pnrtieu* 
larly Freir<, have lately deM<*riln'd nnd published illu^- 
trattouH of microbes saitl to havii b;en ohn^rved by 
tltfiiu in the* fiims of patients nttnek^d by yellow 
ftvor. JJut their drawing ar^ for thn moxt 
fanciful, and bt^tray #ri*it imxperietie* in tb 
of rcisc.ai'ch and in mi^rosttopu: exninirmtion*; for 
instantjo, tlu air^ttthbles, ttimkilfully hti*riHisitcl in 
tins preparntionH whieh tlu*ir itiithnr thought worthy 
of photographic roprodiwtioit, li^tin* nn nti'rotaji 
Tlmokft to tho accuracy of pltot*>graphy, which 
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no scope for the fancy of a draughtsman, thrre can 
be no doubt as to the groaa error committed by the 
observer 

As for Freire's attempts at vaccination, IUH own 
statistics are far from being favourable to his mcbhod ; 
in fact, they prove that vaccination increased tin- 
rate of deaths in the proportion of 19 per 100. 

Much more scientific researches wnro undertaken 




:-v>## n;v / r^>^ 

^ rt W : r^ 




**iUlftry vwwl, 



by Cornil in Paris, on Homo anatomical pr'pawtion 
prGHorvcid in alcohol, which woro wtsnt from Hraijil. 
Ho found in the liver and kiclnoy of tbo vlctitim of 
yellow fever, chaploto of micrococci or bacteria (Fljj. 
85), only visible under a very strong magnifying 
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power (more than 1000 din mutters). ISut ihpy an? not 
invariably present, and it is cKMi.si'fph-ntly miwrtaiu 
"vvhe.ther they aw tins ciiusi* i>i" th* dih<asi*. I'Yoin its 
symptoms and lesions, tlnw IH n-nson tf* flunk that, 
tho parasite or jarasit'H for Him* iny 1- s'\ k i*raL 
according to Nii^ITs theory- -liavn thi j ir M<nJ. in tin* 
diy!sfciv(t nnial. XPW and Hiist,ain<'d r',^ j nr{'}n'> f nuTicd 
on in count riert when* yellow il'V^r prevails, and laori- 
iiki'thodically conducted^ uns m*c*tHHary to clur:idat<^ thin 
question. 



VJL TyruoiD ANI> TVIMIIJS KKVKKH, 



Thowo two discaHOH tnay l*o iak^ri toyitt 
in both 11 <* di^'sLivd mnnl IH llui part c'lii'Hy f<Hi 4 r 

Hero crowding Mtt a^r(^ai<i*n tf IIM-H iai*l 
htnnau miawntata rrnitliin^ from it, piny (lif 
part, admitting, an w<^ Imvw already naid, that 



iluoneo of prwliMpoHin# eutiditiuiiH, <*r what in traflnl 
iroccjptivity for th dm^aHts, Tlttim* unfavourntiltf wii- 
ditioiiH ant: pliywical (^xhauHHoi^ had food, y*>utl* ( 
iwmtal emotion- ail which condttionH nm allunt with 
human miasiti.-iU, th< niMult of crowding in lmrmt*k^ 
whoro tyi^lioi*! fever |>rt*vitil; in amtpu, which ^m 
Hulij<-tit io typhun; and in th^ badly built 
of our law cltin. 
in few (li.scaHeH w tho influeaco of auti-liygionic 
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conditions more apparent Want of air and eloanli- 
ness is one of the principal factors of those cruel 
epidemics. In tlio confined lodgings of the artisans 
of largo cities, the dead, the sick, and the healthy 
man may be found sharing the same room and wu 
the same bed; linen impregnated with typhoid ex- 
cretions may remain far days in the same chamber* 
The walls anil flours of our barracks, tuo rawly cleansed, 
disinfected, or whitewashed, harbour myriads of mi- 
crobes; and the water of adjoining wi'lls likewise eon- 
tains them in great numbers. 

Nor can it bo Raid that hygienic conditions are 
more carefully observed in the rural habitations of 
villages and detached farms, The, peasant 5 as 
ignorant of the laws of health and cleanliness as tlm 
artisan; the neglect of th builder, often a mi k ro 
mason, of the landlord ami the tenant, is still mor 
striking in country districts. For this reason (epi- 
demics aro generally more fatal in tho country than 
in towns; but they are lews fnsquent, of shorter dura- 
tion, and more easily localised in a villnge, or dnlattheo! 
farm, since in this case there is a large- supply of 
oxygen, which is the groat destroyer of microbes, 

With respect to typhoid foviir, one, (^f the most 
common diseases in this countty, tlu* lesirnis by whieh 
it is always charactoriftpcl show that the microbe pro- 
ducing it is chiefly found in the mucous nu'Hilimm* of 
the iutestineB, in Peycr's glands, and in tho 

whiulx cover this membrane, and which 
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always hypertrophwd and Koftcni'fl in typhoid paiii'hK 
The round red spots whfch inny IH> obn'rvHl upon fh 
skin arc distinctive marks of I IMS ail'trf-ion *if Mu di^'-i' 
tivo canal, and it lias OCCMUTM] to Ihmrhnrdat i,1i;il if, m 
he HiippoHCK, those spots contain thri *nnw uiicrolx.i ,-is tlird. 
of the inti'HtmoM, it xni^ltt be cultivated and {jMi'imatnl 
into a trui> viiedino. 

Thi> pr<JN^nm of wp<ml murrol^-N in typhoid frviT 
was first oUsorvod by Hecklin^liauHHii in JH7I, Init ih* k 
exact description of th*^ typhoid haHliu** lias IKJIJII only 
recently fjivwi by Klmrtli nud KlobM, 

Ebtsrth ha obxrrvod thw bnnlhw iu fli Njtli'i*)), 
the lymphatic ghuulH, and tho inf'*w 
use of Hpeeial Htahiiti^ prow j wc*a H npprar*4 in 
form of short rodn with rouwlcd I'xtn'tnitiPN, in tin* 
tubular ^luiuta aiui round UM* Imttotri of th* 
which cav^r ih IIUICOIIH nu^uhnum of tho 
Thty aro nutritirouH wli Urn nifrmUon of IN^ 
glands bo^iiw; aflttrwardn thiy hMrnmn fi*w*tr, 
aro sucan!(d by othrr wiembm Froin 
of the bacteria in a action of tho iruKtoim 
it may bo won that thoy |H*!itrat through 
ami fkntott on the uleoiukMl and }ftortitiml 
(Oornil), 

Blood takm from living pall^ntu often 
bacilli amid bho rod corpUMeli^ (Fig 1 . HO), 
which is always hyprtrophi<H^ contutnH th^ same 
bacilluB, which i al^> found in the Hw^ and 
timca in tho kuhu^yH ami uriue, 

o 
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Many other bacteria appear in the intestines when 
tho disease is approaching its end, but the bacillus in 
question is the only one found in tho blood and 
internal organs, so that it is really characteristic of 
the disease. 

Gaffky, a German micrographist, and a pupil of 
Koch, has succeeded in the artificial culture of this 
microbe, taking it from tho spleen of persons who died 
of typhoid fever. It is actively developed on gelatine* 
and potatoes, becomes very lively and produces endo- 



9 o 

Vig, MBacilll of typhoid lever (y 15nn dlnnO: tbrw' ml cvrjpUK;l may bfl 



gonou* spores at a ttunporaluro of 3H. Hut tho inocu- 
lation of animals with tho disoaso has hitherto beon 
unsuccessful, at least so as to roprmluco in thoin an 
affection, of the intestine^ really riwuiWing that of 
Peyer's glands in man. 

Tho horse iw tho only animal alftictml by a similar 
disease, which has also boon called typhoid fv**r. In 
188 J, the horses of tho Paris Omnibus Company wero 
decimated by an epidemic of thi nattins. But tho 
]eaion of Pcycr's glands cannot be compared with that 
which occurs in the same glundH in man, attd no 
microbe has yet been discovered* 
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The pmscntw of the bacillus of typhoid fev<?r in 
the air or in watitr lias not yet h*'in jisrMrtained. 
Nuithiii* in anything known about tin* Jni*rnhu which 
may bo a&suui<ui to bo Lhu CUUHO of lyjihu.s lifvr. 



VI n. TUB CHOLFJU Minium;. 

This terrible dwwiBO has its origin in AMU, 
its ravu<{<i8 an* as jLfwat an tluKsu f>f ycllnu* lVv-r in 
Amc.rica, It in on<U*mic or |>t?rinii!i< k nt. in Mm (inn^n 
dfjlta, wlutnco it y<int*rally Hprratls i-vriT y'fir over 
India. It wan not known in KurofMs until thi* li'^in^ 
n ing of tltc mitury ; but Binw. that thin* w Imvn 
ive viwitationH, and it WM*IUH ilvMtinnl 
the pla^uo or bladk death of th? MitMiit Aj 
a diwaHn whi<rh appcarn to bu now eonlitiMl to 
few localitien of iht! Kant* 

In 1817, th^r< wan n violent nutbrrak "f <rlil^ra 
at J(^Hor<* India. Tlufnifo it* Kprcati to l\w Mulay 
InlamKand to Bourbori (IHI{>)j to<fllna nail 
(1821); to IttiKHia in Kurojm, and 
St. Potornburft and Moserw (1H;JO), In flu* fol 
yar it overran Poland, (fommny, itnd Kii^bi 
ilrnt apjMwerl in I^iriw on Jnmmry <J, IMtd; JIJT it 
raged until iho <md of 



^ Im tlut 

of tfhlTii <<r^ltmi(fv in 
n^tixro, tho |mnuttiv Urn hygii^o, ft tni tho tr^tmooL of ph*i*fi*, 
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In 1849, the cholera pursued the same route. 
Coming overland from India through Russia, it 
appeared in Paris on March 17, and lasted until 
October. 

In 1853, cholera, again coming by this route, was 
less fatal in Paris, although it lasted for a longer time 
from November, 1853, to December, 1854. 

The throe last epidemics, 18(15, 1873, and 1884, 
differ from the foregoing in not having taken the 
continental route; they eaino by tins Motliturrancan 
Sisa. Brought from India to Kjjypt by the Moco.a 
pilgrims, the epidemic of 1805 entnvd France by way 
of Mai'Hcillcs, ravagorl Provence during tho Hummer 
of 18RS, and was carried to Paris toward Urn OIK I of 
Suptembur by a woman who eamo from MitrwiHoK. 
It was* loflft fatal than tho preceding epidemics, and 
so aitfo was that of 1873. 

Tho epidemic of 1H84 took tho pawe rotite* Fimfc 
localized in Alexandria (18H;{), it attacktul NapbH, 
Marseille^ and Toulon m tho Hinmnor of 188^, and 
overran all Provence; thenco it wan tranHfnrrtul to 
Nantes, to several towns in tho north-wost of Franco, 
and to PariB, where it wa comparatively mild. Finally, 
it entered Spain at Barcelona towards tho nnd of the 
year, and ravaged the wholo peninsula tliroti^h the 
summer of "1885. In AuguBt, it alno reappeared in 
Marseilles and Toulon, and thin could not In* aweribed 
to a fresh importation from Spain or tho Eawi 

The essentially epidemic and contagious progress 
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of this ditioasft clearly indk-afes* the pres<-nfo of a 
microbe, of which the, dio,s<n s;at is the, ini>'.sf,iw N 
whence it pusses with Hits patient's *:'> -s, nnd con- 
stitutes the contagious element in jil!u**'s fillriitwl ly 
the epidemic. 

The, iirst piveisH micrograph It* n^enreh^-; imide, ni 
tliis Kul)jr(jt woro thows of Hxi Krrnch fiml Kfriitrtn 
went <o Alcxamlria in I'^'l, KiMh, 
of tho (j^nnai! sanifary r'ot/nni-.-.itin, was 
Wic first to <If ( scrilm tlm niicrolm which it has l'i<n 
decided to consider as tint produi'iii^ ;jvnf of cholera. 
Ifo gav it tho nanio of <Minniiu i/arilius (l*ttc'</!t',t 
IWUMM'), on acconnk of its form. 

In order to HUM tlnw* bacilli in ny 
of malignant cholera tmtjit lio ulwr 
reaH<ti, au uiiHUftcM'ssfui neart*h for thi 
oitt!ii Ij^nu ina,d<sMinite it rannot I >n diM 
thn ruuuiu'oim other parasiit^s found wif.li ti iu the 
intoHtiuuH (*f cholera paUentn on tint Meeond or third 
day* A wnuill IVajLfuient of the rlw-wtifi /* ivn,i k naUMtt, 
of cholonv whoidd ho plactnt on a #W<4 ,sli*l^ fatd 
with methyl violet or mitthyleiu* Mu<n; Urn 
litjuid tutunt tin dmined utt' t and iho j>rf* 
I>ai p ation nmy Uum lut examined ttnder a 
power of from J200 to 2500 dininHi'tx, making 
of an ituimirHhm IWIH, on which li^ltt iri itirawn by im 
achromatic eotMh'nnp.n 

Tho comma liaftillt then pnwnb tho apjwanww 
ia Fijf, 87, and* in npifo of th colouring matter, 
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are full of motion and activity, "which thoy retain for 
some time. They are arched in form, and, roughly 
speaking, resemble a comma. Their length is 1 i micro- 
millimetres to 2 J micro-millimetres, and their width is 
O'G to 7 micro-millimetre. They are often arranged 
in chains or chaplets, so as to appear like the letter 8, 
or several S's, placed cnrl to end, as we wo in Fig. 87. 
These latter are the most characteristic. 




Fie, Mf , C!hIira ittlwbi 1 , or Nttrtltit* tmrnwa (KwlOt a *, UIP /llffi'Wfit 
it ptwciiH In HM (pumtli urn! (UvUlou iutt> <vll LK^'Utly niNfiullitti), J, 

(*f WttllllH, UIMilT a M 



with the miorolx) of tulxireuloftiH, tliat of diolora is 
whorter and tliickor. Its Hpinil Hhapo has led to thu 
belief that it in an intermediate form btjtw(^n the 
gcmunt liiicillutt and SpMttinn* 

(JotnmnrHliapRd microben may Ixt found in nuwt 
Htagiiant and running water, but tlioy are in j^woral 
much larger, and none of throu prenent tho cliarae- 
teriBtic rlhiintiHionM of Swnllm Iwmm* 

Thiw bacilluK ia found in the raiform grainw of 
choleraic evacuations, which are, m wo know, formed 
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by the dcsqnamation of the mucous mi i mlmn<* <"*f tin* 
intestines. The membrane is, in fact, literally flayed 
from ono end to another, ami, in conscijtipn'r of iu 
congestion, the walls of tin* int^stint-H an* of a bright 
rose colour. The ri/iiform grains consist of Binall 
tufts of epithelial wlls, conglomerated toother, and 
they contain numwoun Imcllli. 

Tl icy are also found in tin* glands of tli** infrsliii" 
into which thoy penetrate, mvin^ to lhi tl*sqnatnation 
of tlio opithdium. Tht*y havis not aw VH IK*I foiiml 
in tlic kidney**, the urin<, or tlut Mooil, 

Culture of thin tiucrolui on <4*ltU iiif or ^I**w an* 
vory wucctisHfui Ivoc^h lutn <I|M<TVIHI Uwt ii 
in diunp linon, or in milk, 
br*ad t polaicnvs, i*ti. Thr iriajit 
favourable to it IB from JW)* lo 40\ and rvrn at i!0' it 
ntili multijiIii'H (n ^i>laiiii(* t JVlow H)' J it ^niwn vtTy 
Klr^vvly, hut dot*H iut pt^nwh* (!olil loe^ not kill ifet at 
10 below *n> it in ntlll aliv**, and < ( Hjw-hl* t^f 
all itn activity wlirn n^ptaecd in favot 
Thin microlio JH aiinihb, and HOUII du*M whni tiq>rivi*tl 
of air. 

Wuter c*,an HCTVIJ a.s iU vi^tiHis bui flewn tiofc 
mifliciont itutrimrnt, HO that it noon 
This, however, in not th mw with t 
cuutainhig organic matter. Wlntn tho kv0I i>f 
tt^rmnean wafcarn HiukH 4 tlio mirfiut) wntiff 
monj charg<d with nil kin<ln 0f ritfti^ timl 
multiplication of gorttw fouewuaf nww *my* 
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cultivated in distilled water die within twelve hourfl, 
while they can live for a week in drinking-water. 
(Cornil) 

The influence of the level of the subterranean 
waters on the progress of cholera epidemics was 
pointed out in Germany by Pettenkofer long before 
there waa any serious idea of regarding a microbe aw 
the caiiHC. 

During his recent travels in India, Koch met with 
the comma bacillus in the Htaynaut waturn of that 
country. 

Por a Jong while the attempt failed to reproduce 
Asiatics cholera in animals by injoctionn of comma 
luicilli, and thuH to prove tho parasitic, nature of the 
(liHKOHG. The animala in crnmtrias attacked by cholera 
appear to onjoy immunity in thin renprtct Nicati and 
UiotHch at Marseilles were, however, >su<msHful in pro- 
dncitig cholera by tho direct injection of oholoraic li(iuid 
into tho duodenum of tfumea'-pigfl, dogs, ote, Almont 
all thewo animals died at the end of two or thruo days, 
nrifl tho inflamod intoHtinos contained a nuiulx^r of 
comma bacilli, much moro vigorous than UIOHO of tho 
injection. 

Uoohofontaine, of PariR, Hwallowod pills whtah 
contained choleraic ovaouatiotm. JJo ftilt ttnwoll for 
Homo days, btit no aorious conetpicncoH ennued* Ifc 
IH probable that in, this caae the ocitlifcy of tho gaHfcric 
juico attonuatnd, or partially destroyed the booilH* 
We shall eeo that acids are, iu iact, advci-ae to the 
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development of tho nncrobr. liorhi'fonlnmn 
injected the choloraio vinw under i ho skin of his uriui, 
but the operation was only followed ly *m n i!*Tiwf,uiis 
redne&s, localized round tho. pmiH.un', miI iho ron- 
stitutiorial HympfconiH won* not. HO market ;s ihosn 
]rtx>duced Ly taking the MUDO viniB intu lliu *l;x*'tiv*s 
canal. 

Fmwn'n A Hnn ;*/* <r^ frnti'iditf}wi t *~> This Ii-nds IIM 
to mttntion tho nUi'inpts at morulniinji nijitl* 1 ly 
Fcrmn on a la,r#) walu in 8patn f undur fit* 1 IIHUHI of 
anti-cholora vaccinations. 

In 1H.S4, Forrnn f a Tortoxa ]ihy.s!rMiui f tvftM M-nfc ly 
the municijality of Ikmilftna lo windy ihn intVriiouti 
aftant of cholera at Toulon. Ili^ pivrfilin^ tiiiuli*.M 
in xnicrography poiatt(i him niifc for fhiM minion. 
Ho rotimiuil from Toulon, |mviiiiMl wilh Hilhiri^ of 
tho comma hn,c.ilIuH v ami tlitvoirtl hiiundf tu th^ 
wtiiily of iin life^hisfrfry. Tin* focbi n* 
flitror v<ry rmieh fnan iJioflit |iifvioUMly 
cannofc bo arx^pli'il without furlhrr i 

According to FcTmn t thu ehoktra 
a polymorphiHiu whwh IUM i*Kf*npnl tiotifu^ in 
irivoHtiKatioiw, and thoMd of iho oUn 
who have oiworvi'd mil cttdtivut^d it, Wlntii 
ftfrriid to a At^rilisM*il uikiUitio iiiftwm tli** 
l>acil!us incnwHM in Iwigfli, fornm u 
tlwn Bwolln at <no oxtrvmity until it afcteini to tlw 
volume of a red Wood^eorpUHCil^ thti** 
en oc^oiuum filled with profojitiwwi, A 
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envelope (periplasma) then encloses tho oogonium, 
which thus becomes an oosphoro. OloMO to this, on 
the original filament, a small swelling appears, which 
Forran regards as the pollinidium, or autheridumt, 
which is intended to fertilize the oosphcro and trans- 
form it into an ooapoiu 

When tho rupture of the oospore occurs, the 
granules contained in it float in tho liquid. Thoso 
which have been fertilised grow until they are as 
large aw the original oog<mimn, and constituto mul- 
berry-shaped bodies, HO oallml on account of Hit) 
numerous round projection* or mirrocucci which 
cause tho Hurfacse to iVHOiubli* that fruit. 

A very nlonder filaiuunt may HOOU bo iwn to isu<^ 
froia one of the pointa t>f this ttudi^orry-Hhapod Ixwly, 
n filament which grown longer, mid flomoiimnB two 
of them appuar at once. Tluiwo illamoutn become 
H, twist in Hpiraln, form npirilla, and arc thon 
so as to form by fission Kwili'H ciotnma 
bacilli, which arc tho HtarUng-prrmt of th culturo, 
and of this cycle of evolution (Figs. 88, 8(), !K)). 

Hence it would appear that tho cholera microbe* 
must belong to a much higher group than that of 
badwria, to which it has boom liilh^rto aligned,, 
Thin modo of reproduction would sluiw that it IH nofc 
an alga, but a fungus of tho j^roup of 
and it ia, in fact, termed by Furntn J\ 
while Im friends prefer to call it 1\ J'ferrani, after ite 
discoverer. 



THE MICROBES OF TTTMAN IttfiKAPEP. 203 

Feiran reganln thi.s peronoxpora as the infectious 
agent of cholera. Yet it wem* extraordinary that 
such areruarkahle pol^ynKn-phism nhouM have escaped 
the observation of Koch mid of" the numerous micro- 




0, Ihf* rNtKiitiliitU H Idlitl ulfti K |.uiiJ.'. AMi'ii "Ml 111 n 

fNivfrt"ii thin * nirfiOit^ ; /tt, ("ihhirlMitu f f h |*'rMli/ii 
iH ftiivi't e*i| into i 



if, 



who have inmle vnriotm autttifw of 
eotnnta hacilluH. Tfc is diflloult not tti *w^|ww tliat 
HOIUO nejjli^onew or mur luui vitiaM Fwnw' n- 
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searches, and the first idea which will occur to any 
unprejudiced micrographist, is that P. JFenwii is not 
really Koch's comma bacillus, and consequently not 
the cholera microbe.* 

We have, in fact, already shown that numerous 
comma-shaped bacteria, or free colls, arc found in 
water and in the human body, and that these may 
be easily confounded with the true comma bacillus 
when staining reagents and a very precise mode of 
culture are not employed. F<wan himself stales that 
this staining process must not bo used in the culture 
of /*. Jt'wmni Con lit has, hovvovw, shown that tho 
true comma bacillus is not <h k stroyod by methyl 
violofc, Kinkier had previously discovered In vftoltim 
WHit,ra*> "which is not <jpilomic, a eommashap<id 
microbe resumbling in many respects the ono 
by Forran. KotJi han shown that thin 
i, as well as ours of similar form found by 
Lewis in the saliva, dous not act in cultunw like the 
microbe of Asiatic dtolmu; Lewis's microbe does not, 
like the cholera bacillus, liquofy #<latina 

The precautions neccnsary for tho sowing of 
culture liquids are HO yrcafc that wo may b<* p<irmitt<*{l 
to doubt whither PVrran has always j>uantad against 
error. Bmuardel's report Bhows, after u vmit to 



Our fvH^lHm on tha ilfKnrlptfcm iwid fllnhimtlmmof 
inicrnho tnt^ht l>*i nppli<>rl vtnvd fdt* wnl, to 
nrnl HluHtrntiuiUj of UIM clu>b.Mu iitltiroho, which wt> httvu 
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Forran'w laboratory, that the 5nstnmH*7its and rnotluxta 
in use thure were priiuilive and in.sitiHi'iimtr. 

Until tliuKe facts have bcou <*unfirnn*d by otlii'r 
observers, it seems prudent to iv^ird 7*. /V>/v/u and 
J kwnwitt a# two absolutely d'MiwL iniernb<M. It 
does not follow lltai tlie, riuHnr** liquids enijtloyrd by 
FoiTan di<l nut contitin tins latter, but if, is probable 
that it also contained, ond in lar^T iwwb*rH, u 
microbe ('/), which is I*rwiwi4f>itfti /** r/vo/ /, 

It may alno li obs^ryttd, ibc iiij*/'tion of 
culture liquid into tho intcsfineH of yniwn-jti^M pro- 
duced no tifftjct, whilo Hubt;uiaiteoti-s injcctioim mmi 
killed tlumoanitmtls and distindly uilreti'd IIIDII. Thin 
in prociHoly tb (ippowitit vIR'H to Uuit ubsMrvwl by 
Nicati and ItietHcli at MarweilleH, and by JJoclujionUiw* 
in Paria 

Thw in a crucial diflerenw\ rfnco it rfiown that 
the two microk'S HIT not idcntlcnl, mid nil our 
l<ljje of diolwa tendn to ^bow thai iU niiurt 
a HptiCial action on this infci'.stiiu*M,* 

Howtwer th'm may b*% Kerran eiirrii**! on hta 
culture oxporhuontH in tho en(Ji*nvrur to obtain nn 
attenuate! nticroho which lui^ht M*rvo for pivvmtws 
inoculations. Ilo iM-JieveH thut hit ban NUcetuHk^J, and 



1HH5, aniflnu thitt opinion. Aft* r itfctttatinK n ^^tnhi niUflH*-r rif 

ir(lin$ir tn FtTmn*H iiyt^tl.Ti.^** m. thnt, with 
t U(pud ami giving tit* in titttM I * rmvwr, iht# ^mdi lifjiM 
Into iho ntomurh ^f thr'Ht; Hnim^U, mwl Ux^y U UUid with 
aud buiona of otmlwrft* 
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after inoculating himself, he performed the same 
operation on several of his friends; thun on thousands 
of people in different towns of the province of .Barce- 
lona, and throughout Spain. 

His inoculation consists in introducing, by means 
of the small syringe usud for hypudormic injection, 
about a cubic centimetre of the vaccinal liquid, the 
nature of which is kept fucrot by its author. There 
is always a certain discomfort aftur tho operation, 
but it disappears at the end of a few hour.s. Fertuu 
himself Hiatus that ono inoculation will not nuffice 
to ward off the contagion. A nouond, third, and even 
more, are necoasary for tho attainment of this objuct, 
but the discomfort cauod by the operation always 
becomes ICHH. 

Up to this time tho rcHulis obtained by tho pro- 
CKBB during the roetmt epidemic in Mpa'm aro not 
accurately known, HIW*,O ftVrran ban IHUSU unablo to 
produce tho otflcial Htatinticw which are nectJH,sary to 
confirm his aHHurtioriH. 

Wo aro, thoroforo, ontitVul tf> n k Htrvt> our judg- 
ment, both an to tho value claimud for thivS vac* 
cination, and as to tho true nature of tins microbe 
cultivatod by Ferran, and conmdctriHl by him to Iw* 
tho infecting agent of cholera. If, again, wo rocur 
to tbo facts owtablmhcd by BochofontaiiK^ it may bo 
asked whether aubcufcaneoun mjoftlion IH this trao 
mode of inoculation api>licablo to thin disease, and 
if the process adopted by Bocliuiuntaino, of iutro- 
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ducing tho attenuated microbe into the sfomneh by 
moans of pills or a liquid, would not In* wore rational, 

Mode of Proj[Ktytit,Iott //-m/ Pt'twutuwa uf Cltnl'ru. 
The tipper part of the delta of the Ounces seems to 
be tho original homo of cholera and its mierohe. 
IMow tliiw region, Out stagnant water on \w\i ^ido 
of tho river, infected with every speeie^ of ordure, 
randies the maritime, IMISO of thu delta wholly luiiu- 
haLitahle. But uve.u in its upper j;irt the hind is 
nearly covered hy water. In urdt*r to Imild u Iimise, 
tho earth is hcapod up to raise the. levrl of the suil, 
and the houwo ntandn on tho ernhunkment, surnjintd^l 
by water. A high tumperature is inu:(w*ary to (fiiaMit 
tho bacilliiH to liv<i iu water, and it iw prulwhle that ifc 
will never becoimj accilirnntixed in our wilder Hmwte, 
Tho drainago wliir-h han heem carriinl on rotind Cal- 
cutta haH already nmden^l epidemiiw lens ^e,riouH, 

Tho diHiuiso in always propa^iU'tl hy ninii. In 
India, Arabia, and Kgypt, its diiluMion is (rhiefly uwin^ 
to pilgrimages In Jlengal Uie pil^riiim all hatlw 
together in hooml pools, often only a ftnv 
motroH in slxo, and riHunving woino thouMandM ol" 
in tho course of the, day, Htreuming with HWiwt 
exhausted by long journyrt ami iiiHuHitifonfc frxxl, 
under Bueh eonditi<;Jin cholnrn in often 
From India it passim to Arabia by nki'juw of 
Mussulman pilgriin r whoso camvnim btoek tlm nar- 
row sktustB <^f Mecca twiry year, iui4 tlnmtjc* it In 
ported to Egypt. Finally, it is <?arriwi fiwm 
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to Marseilles and otter Mediterranean ports by vessels 
which havo served for the transport of pilgrims, by 
men, thoir linen, and otter garments. 

It is consequently by the human body and Its 
clothing, or by the water winch carries away human 
ftcces or has served for the washing of Kuiltl linen, 
that the infecting microbes are carried. The air, an 
it has long been known, need not bo taken Into 
account. As early as 183*2, it was observed that the 
wind did not ali'ect the epidemic, wliidh Hoomod rather 
to advance like a man travelling by whort ntages, 

Duclanx's recent xoHoarchuH nhow that the suii 
and air attenuate and soon dentroy tho microboH, and 
that only dead gorms aro borne oa the air and wind* 
" tn order to retain their virulence unimpaired, the 
microben must travel iu packages of clothing, in bales 
of merchandise, or ia the close, moist hold o a YOSHoL 
In a word, of all agents of fcanitation, tho BUHL is at 
once the moat mai vernal, the mont cconozuiaal, and 
tho most active to which tho guardiaim of public 
and private hygiene can havo recourse " (J)uclaux). 

Koch ha declared that acids in gmioml are the 
irreatest hindraneo to tho devolopiutuit of the cholera 

o * 

"bacillus. In this way, the acid of tho gaufcric juice 
is the befit safeguard, and many CO&OH of contagion 
may be explained by the fact that the large quantity 
of water imbibed has diluted tho gaHtrie juice to 
excess, or elso that the source of contagion has 
passed through the empty atomaeh, and 



THE MICROBES OF HTM AN DISK AS KR 20 



has earned a liquid containing rlanirorou.s 
straight into the intestines. Indigestion, and catarrh 
of the stomach and iiitcsthH'H, of whidi dum'hu.'a is 
a symptom, constitute predisposing eauM-K of th* 
disease. 

Among other suhstn tiers unfavourable to tin* !'- 
volopmont of tho niicrola*! and tlniM c*onK<ittin^ a 
preventive of cholera up to a certain ntn^c, wf may 
mention calcium Btilpliato f wliidi acts ly pr 
sulphuretted hydrogen gas, also carbolic acid, 
acid, thymol, alcohol, acetic arid or vinr;rw, nud 
mustard oil, which, like. th <*th(T vollili* 
already mentioned, eouHtifcutttH an oxeelleitt 
in an epklttmic of cholera. 

We whali npoak in miothnr chajiter of thf purity 
of drinkin^-wattjr, which in of #rwt imporf ( aic*\ and 
of the improved filtuns invtMiU^l to < 4 Hmtfint,i> HH* 
microbea which are not Hrmttud by ordinary lili't>, 



THE EXANTHEMATA: RCAKT.ATINA, 
MKAKLKH, VACCINIA. 



are founrl in the oritptUmtt 
of all thoHO (liHftaMON. Tliy uro guiterally 
iHolatod or in clmphtfai, 

JUfcj/00,-~ Babfen, in 1880, wa the firut to dM>ribo 
the mierococci which ho obnorvod In fchlw (l)M>aH^ and 
especially in tho pneumonia, by which it in often com- 

B 
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plicated. The blood of tlie eruption, tho catarrhal 
secretion of the nose, etc., contain small round 
bodies, isolated or in pairs (in the form of tho figure* 
8), or more rarely in short chap] (its. Whun thoro is 
<lecided pneumonia, tho pulmonary alvi-oli likewise 
contain isolated bacteria, in the form of an 8, in 
chaplets, and even in znnglooa, or nmnHcd toother. 
fiabt>8 has nut yet cultivated nor tried tu inoculate 
this microbe. 

More recently, in January, ISNtt, Li TV] observed, 
in the urine of p<*rsoius atlw.ko.d by mouslos, tho 
appearance of slightly eurvwl rods (IttrilltM) capable 
of very slow movements, Thi'ir length varies on- 
widcmibly, and tho HJIOWH ajipiwir in a willing whidh 
ocicurH at about a third of thn length o oarli rod. 
Thin microbe appourn for a few dayn at tho Ix'ginning 
of tho fever, and diwippoars with t)\(* fever, to return 
ttfreBh at tho moment whwi polling boghiH. Wo know 
that tluiwe are tho two opoclw of coiitAgioti. The 
micsrobo in found in tliw scurf, anfl may bo (obtained 
by scraping tho Bkiu with a knife. Lo IJel Hucc 
in cultivating it in BtDrilixed urine. In H^riotw 
of weanles, the microbe remainH upon tho km and m 
the urine for weokn, and oven mtwtha It IH probable 
that Babels micrococcus atid LoBcl'H biiuiiluM aro only 
two fonnw of the same microbe. 

Mcttrlafitta. Pohl ban found, in tho dcHquamating 
epiclormic cclb of this disease, arul on tho oft pivlato, 
micrococci of Bonievvhat smaller aizo than those of 



THE MICROBES OF HUMAK IWTKEASKR 211 



measles. A Lactnrium In the form of *m 8 1ms 
been found in the urinn of Hejirlet-f'ver ]f i.'nts. 

Stickler huliuvas iliab hit has discovered n vwoin'* 
for scarlatina, by passing itfl virus rhrou-jh tin* horse, 
or the cow. When these animals an* inn"uhh'd with 
the Wood of a man Hutleriny fnnu thfj *li-';i n\ i\u 
eruption afiftoinpnuiod Ity (lt',^|tuMM;itinH in*nrn thn**i 
rlays afU^r inotMiIniion, A ntau inoiMibif.nl \vitli (hi,H 
ion, displayed a nish ri's^niMiirj; that of 
and \vh<m tho Hant'j man \\MS -ftTwnriU 
inoculabtid with human Bearlatina, lit' <U<1 n^i t.'ikc 



(Mid Vitcettt'nt,* Wu find in 



may Lo wi'ii on a section of tlm .skin if <)iy am 
colotirod with nmUiyl violet 'Jim unu^ ini'rlM' 
ho observed on the puwtnles of Ow iiiitcoii^i jiirtnl 
of tho larynx 1 , in the. liv<*r t the kidney*!, md thu l*Iotd 
of tho vena porttu, p J1io attr k tnpfc t^) cultivate it lum 
hithurto faile,d, 

Thfi Tnioro(o(!C!iiH foimrl in 
not diiler in its form from that of <*UNV-JI>K in 
which GoiiHtitiit<M, an wo know, tlm ori*(in/d 
of human vnwtiim. It i not yttfc twinin tlmt 
micsroltoM of Hmull-pax itnd v/urinia art) idcutifal, 
from the nmemhlanc*^ ofthn pustule an*l of tho 
cotxu conUhied in them, it IB nifmfc i>rr>lahle tlmt tiiiii 
i8 thu mHO, and thiw would itxplaiu wtiy vacciite iw 
efHcaciouB m a pmventivo 
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It may bo useful to retrace here the, curious history 
of vacfiui*, siiicu it is directly interesting- to UH all. 



CD 
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o 
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Fig. fll- f'('tion of wkln cover inp; a Nmttll-pnx piNuli*; <t, ln.rny Uy^r of ttin 
t^ Ailuuold tiHHUit; m, m, rnu'un'iM.d Himii'd ulth mHh^l vlotH (X 



Boforu vaecino wan diHcovort^I, inorulat/ion with 
small -pox wan practib^d as a preventive moanuro. 
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This inoculation was known to the Aral is and 
as early an the t^nih century, but it u:is <Wrii<l by 
physicians, and only pnid-iM'd by \vomui. la India 
it was practised by the IJrahmins, and a public crirr 
announced that ho had Ninall-pox virus to i-rll. 

In 1717, Lady Mary Worthy Moiiin^iif, wifn of 
tho English Ambassador in CuiHlanfinnplo, clianrrt'il 
to co the operation porfornxMl by an <>M 'rhf'.'^liau 
woman, who always acufoinpanitMi ila* punrfun? \iiUi 
practieoH of witchcraft and siijiM'stitiou.s u-n^.'s, Slt 
assorted that tho Virgin hrrwi'If had uppciirrd in rrvt^i 
the socrofc to hnr, and boash'fl of 
inoculation in morn thnn 40,000 
was wo juuch iinprcss^d by tho n'ntilU nlitaim^l that, 
nho had her son ino(^iilai/(Ml, and it Is MI/K! lhaf iht old 
ThcsHalian lunullod h(r riwl.y ntM^lIrs wo unskilfully 
that Mai tli'ind, tho phywitMun aMm-Ju'd to Uw oinlta^Vi 
was obliged to finish thn operation, On hrr r*i!ini to 
Knglotid, Lady Alary nimln tho NUCOTW of tin* 
tmmt generally known. Ocor^n I nutlioi'i 
inocalatioa of wi?c priwonnrH in N<nv^ah\ nnd tlu*n of 
nix orphann. TIu* operation wiw purfonai'd by Mail* 
land and crowiM-d with mu*(7fM.s, ami ho wa?< thitn 
allowed to inoc.uialo ni*mlNirii of tin* royal 
and morn than 200 other pntwm 

Tho pracfcictj wan, howovw, ooml^mmKl by 
i who eotiHiflmul it to bo hnir*oral and 

, an I*MII# (ippo.si.Hl to ih dtvina rl^Jita and 
Some failure^Htich UH Urn de^th of I^>rdi Humlcr- 
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land's son, awakened alarm, and caused inoculation to 
be discredited. 

Notwithstanding this, it was introduced into France 
in 1723 by De La Costa, and accepted by Chirac, 
Helvetian, and by other physicians of the day. 
Although opposed by the majority, and officially con- 
demned by a decree of the Sorboimo in 175*3, as "un- 
lawful and contrary to the law of dud" a decivo 
officially confirmed by the faculty of medicine in 1703 
inoculation continued to be practised up to the 
time when vaccination was {substituted for it. 

Vuccinal/ion appears to liavo been piwlised in 
Asia in earlier tnucB, Ilowwer this may bo, it wan 
kuowii in the south of France that farm servants who 
had boon affected by cow-pox wore secured against 
munll-pox* Thoso pustules ^onemlly occur on tho 
ndd(jr, and tho luilkern wuro in^culattnl with the* 
vociihxo matter, through Homo accidiuitnl acrafaih on 
their hatuln. Kabault, a Knmchmau, cointnunimUid 
thin fact in 1798 to l*uw, an Englinlit phywicinu and 
a friund of Jcnncr. To Jtmner wo munt assign tho 
merit of undorHtandiny tho irnpoiiatnco of thin facfc^ 
and doducing from it one of tho muni) admimhlo din* 
covoricB of modern medicine, the primmlive method 
which continually tendH to become more Amoral, and 
to be ext(ided to other diBeawosf, eHpttcially inca 
PaHtour'H lato resoarchos into vaccination for anthrax: 
and for fowl-cholera, 

has also shown that the uucrobes aro tlie 
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active principle of the vaeeinp vims. Thit litpud mvd 
only bo deprived by filtration of its im<Tuco<>cI in 
order to become inert, and eonsr^ui-ntly unlit for n-" 
in vaccination. 



X. THE MioftouKs OP ( 1 iu>irp AND Wnoniix<;-i'orr r n, 

The parasitic nature* of croup ami diphtheria, \vhi'*h 
had long boon. BUHp<wtd, was only shown In |H>I 
by the researches of two Atiu'riitun physiitiwi.s WiwJ 
and Formud, In thr> Hprinj,j of ilit y^ur a v^i-y 
serious cpiditinic of croup occ.urnjtl at Lndiu^ton* . 
ftrnall town on tins hordcrri of L,'ik Alirhi;;nn, H^n* 
the printrpal industry IH chfrivftd from thtt ni'i^hhourin^ 
, tho truoB of wliidt are Hawn into plnnk.s iu ths 

H wavv-pitw, nn<l thus <*mpl<ty alntost tin? 
working population. Tho towu ^tand;-> ou a h 
with the oKdttptiou of ono quiuiftr of it, which ia 
oiivorylow, timmhy ^niuud, partly (llli'rl tip with 
dust, Ifor the noil is HO \vH, that whrn a Htnnll 
is dug, it fills with water imnu'diati'ly, nml a^ 
almost unknown. It was in i\m i|tmrtir itmb th 
epidemic wan HO novoro; ahiMmt all thn 0liildmtt w*^ 
attacked by it, and a third of tlirm hml already died 

Eonnad wo.nt to Ludinxtoit to wtutiy tho 
and collect umttirialH for oxi^ritiMtnti,, In al 
casey of croup, tho blootl was full of ruk'rococd 

to JttUii'ocuccits di^fdk^rku&, wim detached, 
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tmited in tho form of zooylowt, that is agglutinated in 
small masses ; others, again, in tho colourless corpuscles 
of tho blood. All tho organs, and especially tho 
kidneys, were likewise iillod with them. 

With tho materials gathered at Ludington, Wood 
nnd Formad made some experiments in cultures, and 
were able to inoculate rabbits with croup, Tluise 
inoculations were made subcutaneously, in the muscles 
and trachea, and were follinved I>y the production of 
false wiuubrauos, and this animals died with all tho 
symptoms of diphtheria. The Wood was full of micro- 
cocci. An examination, ot'living auinmlH showed that 
the mieiw.ofjcuH iirst att/uekod th(s colcuirl^ss corpuncl^fl, 
withiii which their vlbmtilo motion could lx* observed, 
r l'lui corpuscle* changed in appearance, the granulcHcKflh 
appeared, an<l it hecamuHo lull of micrococci that they 
could no longer move : tlwy grow until thny caused tho 
rupture of tho corpuscle, and then escaped in the form 
of an irrvgular mass, which constitutes th zowjlMtk 
<JrrpUHclr filled witli micnwocLH wwro found In tho 
lake membrane ; in the small vessels, whidi tln*y <Iilato 
mid completely obliterate ; and even iu the marrow of 
tho bones. 

Cultures made in flasks afforded important results, 
A comparison of tho sowings made with microcoect 
collected at Ludington with those found iu the 
ordinary diphtheritic angina, which in common ut Hula* 
delphia, showed a great difturoncti in the vitality and 
virulent properties of microbes derived from tlioao two 
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sources. The former multiplied rapidly and encr^rii- 
cally, succeeding uach other up to tins truth ^Mionition, 
wliilo those from Philadelphia only went l\> tho fourth 
or fifth generation, and those titkru IPHH tint ton^uo 
did not go Imyond thu third. It must b* oWrvi'd that 
the diphtheritic angina of Philadelphia LH murh l^s 
fatal than croup, and tlw first attempts at i 
made by Formad find WOCM! produced dnuhiiul n'. 
prucisoly hueauHi! thoy wtn* inado with thu ii5 
of diphtheritic nnyina, whir;U is an aU^iniati'd llnrin 
of tho tuicrohe of croup. Tho or^aniHin is tho sain*', 
hut It ia iiiDrlificid by the iiU'diwn in whi<h it JH 
developed, and the vitality of urJ.ificifil ctuhur^H in in 
direct proportiou to tlto inali^uity <f tho iH>iuxu from 
which thr* *rirniH (or Mowing jiro d^riviMl* 

The following theory may I >ti di*dwi*d from HIPIM 
facte, -which will explain all tmsitn of diphtheria:- A 
child contnwf,f h s a HtniphMsaiarrhal nn^ina, t^rlnryu^iti^; 
the microcode!, whic.h up to thin t/mm r*in3un*id ht**rt 
in tho mouth, hi^in to yrow and multiply uu*kr t!ir> 
influence of tho indHmmatory pnidiictn whioh 
thoir dtiVf.lopment; th pluufcwhidi !uw |H*I*U d 
boconiOH widely cliffuHiML Tliorc are nuiny 
hotwccn eroup with malignant cuuiplifMiiifjti^ aiul 
mildest form of diphthorifcio uti^iua* m alt 
phywicianB know. More or lum numwoti*i g^tm of 
mierococc! iloat in tlm ait; or which appmmi to Jm 
the corn* at Liuiu^ton un oonvoyml ir 
they may mtcomttur moro 
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conditions. If they settle on a child's tender throat, 
predisposed for their reception by slight inflammation, 
they develop there with friyhtful rapidity, and 
produce ertmp, and then diphtheria, which is soon 
fatal Nii^fili calculates that their number may be 
doubled within twenty minutes. The plant, of which 
the activity is increased by its culture in the person of 
one patient, may be expnllcd with the breath HO as 
to infect another individual And just aw there are 
different decrees of activity in tins plant, HO the nporen 
may he more or loas conla^iou.s, and those of malig- 
nant diphtheria ant more to bo feared than those of 
the ordinary diphtheritic angina, 

When we conwider the renuMlieH to Ins employed 
ogaiiiHt the, ravagex of tliin cruel disease, it should 
iirwt bo obwtn'vwl that the only offeet of tlw operation 
of tracheotomy, which is succttKsful in barely a third 
of the ca^es, is to admit air into the child'B luri#H* 
Its first curative effect, therefore, consists in Having tin* 
child from the aHphyxia by which it in threatened, 
and in giving time to apply rcwodieH, but another 
explanation is noccHHary when thiw operation alone iw 
enough to eifbct a cure. Paatour ban nhown that pro- 
longed contact with tho air producer a real atttjnuatiou 
of virulent microbes, Wood and Kormad have cwtab- 
similar facts, for wlum tho falwo nieinbranofi of 
procurer! at Ludington had buon exjJOHutt to tbo 
air for wovoral weoka, until they wore completely 
became perfectly morfc> 
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ing their form or virulence. They wuro, however, IN l. 
dead, since they worn wiill capuUu of r* production, }ui; 
only up to the third or fourth gmf-miinn, Jt XJHM, 
therefore, bo admitted that thu five amv.s of air pvrn 
by trachuotumy, may attenuate thu viruhtiau; of Ihr 
micvococciiK of croup, 

Too unieh ganimij l^o said against* tins tnisiH** nf 
omctic^whi^li iH,inirMrtuimh'ly,V('ry COHIUJIMII/ iiuM-. lln-r 
aro readily aduihaslrn'd l,y ]>an*nh*; wifhuutt inmlirjil 
advictx A regular oitH'tic of wliiirli flj*^ atifion "M 
much mom vinlont than thni of ipirnrtinnhu .slmiilii 
novor bo givon. Tlui inierncricci an*, (uily found in 
the most Miporfitjial JayerH of ilu 
and when thr,mj aro ruruov^d^un irriUt^d and 
miuioiiH nu:ialrauc', ntin:hw r \vliiHi had lM-ii | 
protoc-t^d by 11 to falsn nunnhrano from 
with t.lio inicnilM^s: U*'MM no\v |? 
y into (,hc Mood. Thus HID ground inny IH 
mill io hfs pr^pjuvd and muiitivri nifmt fovoumbt^ 
for fcho innHiplH'iition of Mio iin-rurMrr*i, wUifli itr^ 
eowu there afrciHh, and art* r'pruduc^d wttJi frightful 
rapidity. 

The itKwb effiwtual winfcly liaN h^n pruxrrlW} I>y 
Dr* Fontaintt of Uar^ur-Sf*im% It, CMIMI^U in 
wtering BulphuronH clru^ in f;ho form of 
of ealciium, HO m to |muliir*u in Urn 
slow diMen^Rn;wni>nfc of wulphua4imj 

kH tho (ii3vi*lfiptiuufc of mtmfitm, or 
thoir virtilcuco* It lut^l mirwJy bo mill 
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this treatment must Login afc once, before tho micro- 
cocci have penetrated into tho blood. At the same 
tiiuo a gargle of lemon-juice or eifcrie acid should bo 
used, which Bhrivols up the false membranes without 
fureibly detaching them. Tho action of thin acid is 
explained by the fact that, for thu most part, microbes 
only thrive in an alkaline medium. I>y this treat- 
ment Fontaine hns boon able U> wave nine-tenths of 
Ins patients, while all other modi's of treatment 
liave only NUc.c(Md<Ml in a tliird of the casus, and tho 
proportion is often much, smaller. 

Tho iirst researches made in Buropo on tho 
microbe of diphtheria date from 187JJ, at which tiuio 
Kh'bs gave an exact dtrHftription of it under tho 
name MitMMporon d'ij)hlt*ri(WMi* In most cases ho 
observed two forms: utwrococci and rods or bacilli 
Struck by tho great difference in inlwwity which the 
disease presentH in diilbivnt epidemics, ho states in 
luis later works that there are two kiwis of diphtheria, 
duo to tho prwdoiuinaiifjo of one or other of thofm two 
forms, one of which he terms wicMH/wriuft, and tho 
other lac/Mary. The former may be observed in the 
i^ast of Europe, and especially in JJungary; while 
tho latter IB more common in Mwifcswrland and tho 
wosfc, including Franco. The first in chiefly found 
upon the tons! Hand i lesHBorious; whila the liftcillary 
form Boon attacks tho larynx and fcrachoa, arid pro- 
duces bloorl-poiHoning, wliich is rapidly fatal* Thfl 
bacilli, which are, like those of tuberculosis, very 
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minute, remain on tho surface of thi* false 

more rarely within them, anl on the surface of the 

inflamed mucous membrane. 

Lofflor undertook uxpcrirm'nfs in culture ntnl 
inoculation which confirm Klrl^ 1 opinion. ik< suc- 
ceeded in isolating and cultivating hcpfinidtly th? 
Microsporon, or imcrocottciis, and tlm bwillns, v/liirh 
makes it probable that thest* are two distinct .spm*v. 
The chaplots of microeoeci, cultivritf*'! Hi'jiurati'ly HIM! 
used to itifjtjiilato animaln, <!<> not proiluct} flijhthi*rt;i ; 
the bacilli, on the other lian<1, cans** flu* tbnnation of 
falae mcunlmuujH, but do not exactly rfprotlueu th*? 
diphtheria of tlio human Huhji'ct 

Coniilarul BabeB have lik^wiHn Htiuliwl thwc l\\n 
forms of mierobeH, Thty have us(*i'Hjiiiitf| tlmt th*t 
bacilli arc nu>rn ^<m(irally found in th^ IHIsfi nirm- 
branoH of tlut Kkin, and thu init?ro*!ot^*i in tl**w. of tlm 
throat and larynx. ,15ut in nlrno;4 all eiiMrH th*y havn 
found bacjlli, Koo^lona p atitl elwptatH of iit v roeom 
ansociated to^rt-linr in iho falnn i!t<*tuhran^^ evt?u iti 
those of the skin, ami bacilli in tlio.sc of UK* throat. 

Oomii and "M,<'#nm have Htuilii'd Uut poatineou 
diphtheria cf poultry and tlomi'Hbta ijuadruperla, Tim 
anatomical Ic.sionH and thu form of tho 
approximate^ tr tlum^ of human diphtheria, and 
of contagion btitwix^u flu* tjn.lf and man have 
obHcrved. Yot diroct inofailuiinu han taittui, no that it 
iw ntill impo^Hihlo to ailirta the itlcntity of tho two 
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We do not Hunk that the diml nature of human 



diphtheria, indicated by the researches ot Klrhtf and 
Ldfflcr, is yet established. The symptoms, and still 
more the hiwtolrjoiual lesions of this disease, are in 
favour of its unity, and it may bo owing to other 
causes that the disease is more or less muvuro. 

The well-known polymorphism of microbes loads 
us to think that the bacilli represent tho adult form, 
and the micrococci, or AHcroujtowm, tho oarly form of 
a single speeion, which is in all <*nscw tho cause of 
diphUun-ia and of its sowral mamfi'st.alioMs croup, 
diphtheria, etc. Further rewoarchos are i fc cHMary to 
d( k cidi k this question. 



lalcily (liH(*,ov< i r<Ml rods in th fonn of an 8 in tho 
Hpulnm of whoophi^-cou^h; th<,y are found in groat 
jwmbom in tho whito Hwim, and arc vt%n vimbln to 
tho naked oyo, and, Jiko many otluir liac:t<u'ia, they 
can bo stained by im*thyl violet. To thin microbe 
whooping-cough and itu rokpncs aro duo, and it IB 
always prosont, It has not yet bmi cultivator!, 

lufluenm rosoinbloH whoriplng-cuMifjIi in tho course 
it tak(s, and is probably also caused by tnicroboM* 
L(jscri<sli has found mkjrocooci in tho blood, to which 
ho ascribes this diftaoHO, but liis rcsoarchuH must ba 
ropenttvl with gruattir care. 

Ccsrtain facts observed in inrtdical practice have 
lod to the HurmiKQ that whoopinff-coiijJtJi may l>o r^ 
garded as aa attenuated fomi of croup, juwt aw 
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is an attenuated form of sinall-pox. The HJITNO treat- 
ment applies to both diseases* Wlicm the ]itinut is 
kept in the purifying chamber of a ga,s imuwfartury, 
where there is a constant <lis<sNgH#'in*nt of ar,il 
vapours, sulphuretted hydrognn, hydro-wii'Iuiir-i, coal 
tar, benzine, carbolic? acid, rtc,, thu inifinJx'H rmhi'dilnl 
in the throat and lungs an." attumwti'il. Sulpha!" uf 
calcium is a Huccewwful romuJy in whoopm^^'un^'h M 
well aa in croup. 

Children ^vlio have had whoopm^-rou'jfh, or who 
are panning throuyh th(^ (ILsoaNp, rawly cttntmcL wniji 
evenwlien it is epidtmuc, although cwlnrrh, inilniunm- 
tion of the bronchial tubou, ttlr.praiion <f t.l< itMuth, 
and general debility, arc all pn'dispdsiu^ <'ii:i"H nf 
croup. The question thfrrlnro urls**H whctl 
ing-cough dooH n*t ach as a sort of pnwnthv, 
lion which may K(*rvo as n ]ntidu)ii n^nimt* <*rinji, 
Further nwar^hoK mid olwrviitiniis nliiMilil In? uuutn 
in thi dirticUoa, if thut which wo now indifjutu can 
be establLshud m a fact 
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Tluwo two micsrr>lw arw HO ftimilai 1 in fawn that U 
in noocHHary to have rttwmrMf) to <'hi*int*d 
to staining proctmsi^ in ortlo* to 
clearly. Both aHMiimn ihn ftinn of nn W* r>r of nlimdfvr, 
elongated rotla^ eo mmnto that it in mfc 
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that the bacillus should have so long eluded the 
observation of the physiologists who have studied the 
tubercle of phthisis under the microscope, The farm 
of both microbes assigns thorn to the genus IwctlluH. 

The experiments of Villeiuin, begun ten or twelve 
years ago, Jirst showed the parasitic nature of tuber- 
culosis, or pulmonary phthisis. Villemm inoculated 
rabbits with tubercular matter, allowing thai the 
disease was essentially contagious. More recently 
Toussainl and Koch have cultivated the microbe in 
a closed vessel, and have inoculated animals with the 
produce of the culture} ; all these animals died with 
symptoms of tuberculosis. 

The still more recent research o,s of Oornil, as he 
stated in May, 1883, buforo the Academy of Medicine, 
have confirmed the parasitic nature of this torrible 
disftfm The microbe has boon found in the giant 
colls of the tubercle and in the sputum of consumptive 
patients ; it has bwm found in the colourless corpuscles 
of Iho blood, by which it is conveyed intr> all parts of 
the system, and it is also found in all the organs in 
which a tubercle can bo developed. 

The bacillus of tuberculosis is somewhat smaller 
than that of leprosy. Each bacillus is from three to 
four micro-millimetres in length* They are generally 
found associated in the form of chains or chaplotw~&t 
any rate, this is the case in the sputum, as wo JBOO in 
l v ig. 91 A, Koch has cultivated thorn in gelatinized 
blood-acrum. Their growth la very Blow- 
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Now that this is known, it IH easy to explain the* 
facts of direct contagion which are so fivjwnt aiiion^ 
people living together, and especially from a husband 
to a wife, or conversely. Since tlw hrcath nf a con- 
sumptive patient is ahvayw charged with ^nnn of 
the microbe, which abound in the cavities in which 




Flg.U, Mill (ntfmi*iMitinn(ifnnmMiin|it1vi- |Hti1i*tifc: \, 
() or in iln> illH-H 



methyl violet (murh I'uUrjfwl), 

tho sputum in formed, it could not prmmbly U; other* 
wim Tho following Mtatanu>ntN of fiwtx aw tnkt'ii fmm 
l)ebovo' clinical Iccturrai at tho Hospital d la J%t4 

"Jean, a ttibc*rculoim patient, wiu marri^l ti 
Antoinette, a young woman witfi n(^ pntvimm tr^nkrjcy 
to tubereuIoHk Jean diud y nnd hi?* wifit b^ijtiii^ 
phthmicaL Bho wan rornarried fcrj k*k wk* had 
HkewiBo no phthisical tahit; Loui* laid Alttoini>ttc5 
both died of phbhiHia Tho nii^tt of th ktter, ^jtiajly 
without phtluwktal taint> contriuitoil (Jto rliMw> in 
nursing her aunt, then maniodi, and h^r bii^land wa 
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in his turn attacked by phthisis. All these people 
resided in a place in which it was easy to verity the 
absence of hereditary taint." 

Hero are other observations of the same nature : 

" A young woman without hereditary taint nursed 
a, phthisical patient and contracted phthisis. She 
returned homo, and communicated the disease to the 
nix sisters with whom she lived. One sister survived, 
but she was not living with her family. 

"A soldier became phthisical while with his rogi- 
mcnt, and wan therefore discharged, and returned to 
his family. His father, mother, two brother**, and a 
neighbour who nursed thorn, became phthisical Yet 
none of thtjm were predisposed by hereditary taint. 

"A girl returned from school in consumption; on 
her death her roi>m and clothos panned to her sister, 
who died of the same disease. A third sister died 
under like conditions. As their parents still survive, 
it t clear that the disouw* was not due to heredity/ 

This does not imply that heredity plays no part 
in the transmission of the disease, for the contrary is 
proved; yot such transmission often occurs after the 
child iw born, and Bowetimes the nur.se by whom it 
is Hiicklod may be the source of contagion. 

Ju the cano of children brought up by land, the 
infection may come from cow's milk which has not 
bt k en boiled Cows arc often attacked by tuberculosis 
and uuwenms bacilli have boon found in the teats and 
,miik of thewo animals. This indicates the 
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of boiling tlto milk used for food, espcd/tlly iu the 
case of children, at any rate when the suum* is un- 
known.* 

Phthisis is, as wo know, a slow flisnw, pmbiiltly 
because the microbe is ;iiintrohirj, and lives widnn tins 
cellular tissue, not iu tho blood, which it merely tra- 
verses, The slow projjfims of the disease explains the 
cases of spoutanoouH cure ollectcd by tho expulsion of 
the microbe iu the sputum, or by the tubercles pas^in^ 
into a cretaceous condition, which causes tint destruc- 
tion of the bacteria encysted in them, JJencw alnu 
tho fact that all tlw causes which weaken the consti- 
tution, bad food, overwork, inflammatory disi-n^'s, 
, etc., hasten the end of eon,sunipfiv! JT 
ThtKso who are aUurktrd by tliti ilneaN** uwiy, 
if rich onou^h to live in the South, and to follow 
with care the, hyjLfwiiw pn'Minpfiotw of the phy?,Jeian, 
often attain an advanwl a^c% in Hplto of tins 
which remain lat*snfc iu the organism, provitl 
they commit no imprudeww in thi matter of di 

It w thorofciru important fa) maintain tin* 
of consumptive patient** by tonics, by a nourishing 'Jiet, 
ttiid by an hyjfinnw an ninthly jmdiutUvo m (icHHibk 
Tho jfood eflectn c;f cnsoHoto, uf Mtilphur watcm, 
aro due, m in diphtheria, to tho altonmttmn i>f 



* ThSa 

In Hivrml i'i&<liitiiii of thin ilUiiM*, nmt * h|wltilljr in Knglftmi, 
hiiH Bhowii that milk WHM thii vcliicln of nwilaKfun, HHii^ frr^ii 
wai<jr with whidj it WUH rwlultt-rwiinl, or ftm^ Un*t wlUul* wun 
to witob, th(j vo^Jy iu whk'h it vva^ yl^o* JL 
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virulent properties of the microbe. Hanson considers 
that alkalis, not acids, are the bent antiseptics in this 
disease. 

Tubercular leprosy, termed elephantiasis by the 
ancients, is caused by tubercles seated in the skin, 
and containing a bacillus ^roatly resembling that of 
phthisis, but larger (Fig. !)2). This microbe is ana<>- 




, MS, ~RMI1U tf liwMtyv iwyntwJ In thp milNMitftnwjiw nmntotlw ttwmp of th wkin 
(much ciiht 



robic, and can only liv<* in iho rlormio cujllH, in which 
it is cnoyKtoil. Hence tho treatment which experi- 
ence, preceding tho theory, showed to bo tho most 
efficacious : instead of keeping tho ulcers covered, they 
fihould bo exposed to tho air and sun, often vaulted, 
and kept as clean a possibles This <Hs<iOHO, whicsh in 
essentially contagious, IB very rare in Europe, but 
common in Egypt and throughout 
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XII THE MICROBE OK 

One of the most important miero^raphic dis- 
coveries of late y^ars in that a microbe is always 
present In inflammation of the lun#s, <>** pneumonia, 
This diBcasci was long considered, am! in still con- 
sidered by the majority of doctors, to bu iJtojjiftlmr 
independent of any parasitic infection, H in nucth 
a matter of tradition, both among patients and their 
doctors, to ascribe thin disease to accidental eaust% 
and especially to a sudden chill, that the parasitic 
doctrine of pneumonia at once eiiecmntoiwl a lively 




. , * 

h tt, c ; n, uiu U>t *f f.rlh ( inm'it rnlai ^' 



oppOHitba It m howitvur, now imp<*,sHtblr ta dewy 
the important part taken by microbes in thw traun* 
miwHion of this diHeane. 

The microbe of pnouincmia WI^H A\MWWW& % 
Friodlandor an<i TAlanion In IHH2- It Mttftfot* of 
micrococci, oftun atwciciatiid in an 8 t^r in fcttort cl*aiiiH 
(Fig. 1)S) an< * found in fchu wpntuin and hiftp of 
pnotimonic patientH> either dutaehod or oneyW in tlio 
lymphatic 
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Unrlor a strong magnifying power, this micrococcua 
is seen to bo shaped like a lauco-hcml, and short rods, 
i urminating in a cono, arc found with it. It i probable 
that the micrococcus is the early form of the microbe, 
which becomes a bacillus in the adult form (Goniil). 

The presence of a microbe in pneumonia explains 
many facts which had remained obscure in this 
disease, especially the opiileinicw in a room or houso, 
when several persons living together are succmsiwly 
attackod by pneumonia. It likawiso explainn tho 
rosomblanee, which has long boon indicated by their 
ROD mi on immo, btstwotm the jmonmonia of man and 
tho contagious pneumonia of cattle, which M well 
known to bo asHoutially op'uiwuic, traiiHmiNHible by 
C(ntact and inoculnlion. 

A culturo of thti microbe of pneumonia can bet 
niado, and when it is inoculafcod into the imiw of llw 
lung, it produe^H iti uniumls a truo pneumonia. 



XIIL SOMK cmiKH DrsKASKH aAtrsKD nv WTrnrtnnKa 



Wo whall only my a fuw wor<l about novoral other 
admitted to be contagion^ and in which the 
i* of a pocial microbe han boon ancortained. 
In the pu8-corpucles of gtmorrhata^ vcsry minuto 
and tnobiln micrococci may IKS olisorvotl, often aHWXsiatod 
in pairH, in fount, or in a mall maws, but rarely in 
Fig, 04). 
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The same nricrocoecus, or, at any rate, a microbe 
which cannot l>e distinguished from it, is often found 
in tlio purulent ophthalmia of new-born infants, Jt 
is difficult to admit, even when \m make allmvawv 
for tho great susceptibility of an infuntV <yes at the 
moment of birth, that until i ophthalmia is uhvays o!' 
gonorrhoea! origin, However this may he, tin* 
mierooooci of purulent ophthalmia resemble th'w M| 
gcmorrluna, and the name treatment is a 
The solution of nitrate of silver in a diluted 
generally employed in maternity hospitals, ^ s 




vcntive treatment of infant ophthalmia, haw con- 
nidcralily r^incwl th inttniwity of thin dirtrjMi* 

The rud, malodoroun nwnat of thi* anupit^ if* iltw* 
to th proHuneo of a rniarotjt*, which JH fowrul fr*ti in 
thfj Hw*iat t or tnawuNl m th form c*f a wxwktyft, an<t 
adheront to the hair of tlu* Hkiit, Thc^ ml colour in 
not duo to iron, for no tmwt oftthiw tmitA l# n*veatol 
by analymn ; it appn^imatoH in !tn natnn^ to that of 

* Jt may l>i* cultivated In 
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white of egg at a temperature of ?J7 d , in which it 
roUains its characteristic colour. 

In a sweating foot, of which tlw smell is fio 
offensive, Kosonbach found a short, think rod, which 
is at once aerobic and anaerobic, Ls rapidly developed, 
and retains its offensive smell when cultivated (Fig. !)f>). 

In the gangnmo of lung bones, the wimo observer 



fc. (ft. -nafillmof FlK T'R **nprigMili 

(e t-ttwi'ttt. drl' i 



haw found a similar bacilluw, which, likn tlio 

one, produces by inoculation a local ailVefcion, more or 

marked (Fig. !Hj). 

Wartn. We know that a wart IH mttf-Htiwn, and 
to contain a contagion* principle. Thi"* in 
ni OmdeU'w Jtiwttirfam jwrrl, and i,s minute and 
in the form of an 8, 

Among the diHiw*H duo to minrolma wo muni 
includo mumpH, epidemic goitro, npitht'lial xcroniH 
tho eye, polypus of tlu> nasal canal, of which Uut 
are formed of 8tn%>Mkri& FuwtM\ etc* 



XIV* THK MioitoBK or 



Eryttipelas bdongH teth to intitrttal mid external 
patliulogy. It IB BomotimoH mauifasUid w 
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primary disease, characterized by the inflammation of 
the akin, and sometimes as a secondary complication 
of wounds, sores, and Huryieal operations. In any casts, 
the course taken by the discwtsu and its contagious 
nature enables UH to assume the primer of a microbe?. 
Martin, Volkmann, and Ilutcr found bacteria in the 
patches of skin; and Hayom found thorn in tin- pun of 
meningitis, which followed wympelan of tint fact*. 
Lukomski waw able to inoculate rabbits with tlm 
disease, which may also bo communicated by vaccine 
lymph, taken from a child Buffering from 
Fehleisen han cultivated tlio microlio in a 



Fig. 07. A-ct!<in of the fkln tn i*ryMl|H'lrw : th? tntfrf.i'M kul-tr i'nrv (*'t IM full 
iwlwroU'H (m) Ui H'H or rhaln; I, t'liiui^tlvi* ttafk- 1 ^ *w 4mm.). 



and han inoculated tnan with it, alwayw 
orympola with itn eltaraeturtHticw and typical eoumo, 
Anti.sopticH, nucli an earlxtlic acid and analogouH mxl>- 
HtarieoH, employed etthor an outward appHef^iitmi or ## 
HubcutaneouH mjoctLouM, have txn^n HiuwHsfu! in nmny 
inntancoft in arrostin^ tho dovulopuiont of th0 

KrympelaH norvoa m tho tratmitbn to 
within the domain of surgery f ami which arogoner&lly 
due to or^ woutid^ autl 
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XV, MICROBES OF Pus; PV/KMIA AND SEPTICAEMIA. 

Sores and surgical operations are often follower! 
by a general poisoning of the blood and of the whol< k 
system a severe affection which iw rapidly fatal, and 
characterized by the presence of pus-fiorpusdew in con- 
siderable nnmbur.s in tin* blood and in the principal 
or^ana Toother with those pus-corpuscles there is 
always a special microbe, termed Jl/fww/nr/M w/tf/n/K, 
which, like that of diphtheria, may < i ifchw appear free 
or in Un form of chaphtts (wbrtn), or in the interior 
of the colour! i 'KM ctorpUKclos of pun, or embryonic cells, 
of which it effects tho nipturn in the form of sotHjlucti* 

tnicroti\ or othom of 
an* tht* hn- 
f that poiwm- 
in<jf of tin* blond which Ls 




trauinatit*. iovcsr, pu<T|Kjral 
post-mortem woumlM, 
Thn ifrms of Mlcw* 

" 

wptivtw art? intrn- 
(hi end into this blood, and 
multiply there, through the exponod mnfaw of a wcMUiil, 
or Kowothww by mtMinnof tho itiHtnitnont which canned 
it (Fiff. 98), 

When tho instrument caunin^ tho wound ifl cliargCKl 
micrcjbes, it k not neceBwary that tho wound 
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should be gaping : there Is in this case a true inocula- 
tion. Such is the case in a post-mortem \vrouud. The 
experiments of Tudenat, of Lyons, show that when 
decomposition has not bngun in the corpses of healthy 
persons, who havu die.d hy violence, tin*. autopsy pre- 
sents no rLan^nr; hnt this is not th caws when dezith 
is clue to an infectious ilisuasr?, pygr?una, f-rynpelas, i*tr*. 
On the other hand, the puncture will Iwve no *rvii 
roRiiltH if tho hl^edin^f in profuso, or if the* ini^roln-s 
and their gerniH have Itoi-n removed ly immediate 
auction. Some hours aftcjr death, all 
niicrohesi, which liavu pnnotratiwl intr> UH* Mood 
to tho floftoning of tlw tiMHiuw, nd whirh either 
from thb oxtornal air or from tlw di^estiv^ canal. 

Tho enormous number of pu^orptiHelert whieh 
a]>poar in a vory short timo in tin* blood wan Jor n. 
long while a problem for phyHfciarm, It in now kttown 
that these, corpuscles luive, their Hoiure not only m HIM 
wound, but also in all parts of the, vnseular 
and especially in Uui capillaries, according to 
theory* Tho microbian theory may easily l>o 
to a#reo with tho latter, an<l Hternhero; wnn tbo 
to HUjgjwt tliat it appitars tr> bo tl t'tinntuin of 
colourleHB corpiiHclcH to take prKsweHwion of tin* 
introduced into tho blood, and to destroy them, Wo 
know, in fact, thafc ttw (ioIcMirl^HH corpuweJcss do 
poHHowion of all foreign |Mirtlclt% nch 
bacteria, introduccid into tho blood, atid in 
encyst thoiu in their protoplasm* Wlt<?u 
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multiply in the blood, they must necessarily have an 
irritating effect on the walls of the blood-capillaries 
and this appears in the swelling of the cells and thuir 
return to the spherical form; in a wonl, tiny are 
transformed, into embryonic or migratory cells (accord- 
ing to Cohnhisim'a theory). Thoso do not differ, or 
only differ sliyhtly, from the colourless corpuscles of 
the blood, and are piiK-corpUHeliiH. This new theory 
is in accordance with th facts daily presented to UH 
in the treatment of wurgical d 



XVI MrcnoBKS OF SOMKOTHKK DWHASKS, m<;stn/riNG 
FKOM WDIJNDH. 



"Whitlow (tnd At/null. TlKwo two complaints am 
produced by pricking th fin^r with HOIUO iitntru* 
mottt churgud with tuicruboH. (AtalnH of )>acteria rn- 
mierooocci arealwayw found in the collection of pun 
or HCtroiiH diHcharfjfo. 

Itoil and Qiirtnwwk. Tho pun from a boil contains 
irricrneocsci, which PoHtour iirnt obnctrvcul, nnd which ho 
has cultivated in an infuHiou of yuitsfc and in chicken- 
broth, 

It was found by Tlommbach in oHtoomyalitiM, and 
wa fcormod by him ttta^ylwtMW i*yt%t$n 
(Fig. 09), 

Carbuncle only differs from a boil in Ite 
size, and contain** tlie name microbe. It in wol! known 
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that it is readily and spontaneously self-inoculated, 
and that boils and carbuncles rarely occur 
in the same individual. Diabetic 
patients are very subject to this 
affection, yet the microbe dous nut 

' J 

admit of culture m siiL'aral water. 



Phlegmon. This Is the name given 
to the suppuration of the HubcutaneouH celluinr 
caused by contiinionH, wounds, and medical injections 
of morphia or any other sub- 
stance, Microbes are always 
found associated in 8's or in 
long sinuous chains (Kig, 
100). In all these cases there 
has been some communica- 
tion with the outer air, for 
wounds which arts really sub- 
cutaneous frocturcH, lor ex* 




paniod by abundant 

hago, hoal without Huppuraticm, and twerobcm aro 

present 



XVIL MODK OF ACTION OF MumoimB ix 



The qucHtion how inicrohoB net hi din^iHe hiw long 
been doubtful, but the progress of science k-nds ti> 
dear away obncurity* 
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The first idea was that microbes Introduced into the 
blood or tissue of ail animal acted like parasites of 
a higher organism intestinal worms, for instance by 
deriving thi'ir nourishment from their medium, and 
developing at its expense. It is evident that this 
must be the caao, and that in anthrax, or splenic f ovrr, 
for example, the bacilli winch wwanu in tho blood 
abstract from the red corpuscles Lho oxygen they 
require, and thuw produce asphyxia ami the death of 
the animal. 

Y(tt it oflivn happnna, OVPU in anthrax, that death 
is <> vapid, that the bacilli have not yet had limn to 
develop in the blood in numbers mifliuicub to produce 
fittal <'ir<H;t.s. So, a^ain, iu cholera, tint comma 
1m not yet bocn iotuul in th<j bhod, and yet 
of Hiidden death aro not tin<i(mmon in this 
Home otln'J* explanation is Uorofor<j nwjuircd. 

Panum lirnt showed, from the Btudy of the pro- 
duei/H of putrefaction, that a poisonous subs tun ce, 
reHemblin^ wiakovuuom and vc^cfabh alkuloidK, in 
doveloped as the ultimate prodtie[ of the putrid fer- 
niontiitioii of organic matU^. Twi'lvo iuilli<;mrti!iuwof 
iliiw K\ibHtance kill a <!(% tvhile noitluT ammonia nor 
tht* acids which arofJrst fi>rwwl in Una fWmMitaiion (i,u 
produoo H(tptic{i i mia, Bergomann uiul Hchinuulvb^r^ 
have torniod Uiiw poisonouH ttulmlaimo w/*tiii& 

Panum'n msourehoH liavo been n^jjitly ronuiucid by 
Btilmi and Qatttior, who Iwvo extnustdcl iVr>m corpntm 
and putrofying organic inuttor a certain mimbur of 
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poisonous substances greatly rwumibling vegetable 
alkaloids, and termed by them ^tunwiHM. 

The action of ptomiuncH may be compared to that 
of strychnine, Injected into the blood, even after 
the removal of every living xiticroho, the ptomtrfncH 
produce fever, rijjforrt, vomiting diarrho'a, Bpflsmn, 
torpor, collapse, arid finally death. It is prubublo that 
in aomo eases of poisoning by tainted meat or li*li 
their poisonous properties are duo to the prenuneo ol' 
ptomaTnen. 

But in all cases thewo ptonuuncm an, sliown to bo 
the product of putrid fermentation, whirh !.* nlvvuyn 
effected in dead bodies by special microb^n, ilvrt* tho 
])tomal"rieB uro due to tlits work of th iniitrolif^ i;f 
jmtrefaction, and are utado ly tlitjm, jiwt t? nlijoliol 
anil the carbonic acid of altroholic f*nn>tniztti(*n arn 
made by yUHt, at the oxpmiKo of thu fiugurwl H(|ui4 
in whieh tb<*y live and multiply. 

Direct experiments Hhovv that whim wepiinr-, from 
which every microbo hftn lionn removed^ U 
into the luirnan mibjiMtfc* it jiroiluct'.s fuverhh 
anco, but only caunea death when introduced iu cow* 
Hiderablo quarttUioB, If, on the other luuil, tbe.ro in 
in tho aarntj indivuiual a lar^ Htip(>iiratinjf wound, 
exposed to tho air instead of litjinj^ covc?nsd by ait aii> 
tight dreBHin^ a purulent in fruition (wi^ptienjmla) will 
almost certainly CHHIHS ninco tho microijon 
by means of thm wound will ftud lu it a 

(pua and putrefying orga^nio nmttor); th0y will 
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multiply in immenwo numbers, and manufacture of 
theae materials a groat (quantity of septic poison, at the 
expense of the organism in which they are developed 

It in now admitted that the chief action of patho- 
genic microbes, or, at any rate, of the most dangerous 
among them, consists in the ptomaines which they 
secrete within the body, This explains why death by 
cholera is ao rapid and oven midden, when the comma 
bacillus is still only found in the intestines, Although 
this iniero-nrpmism IIHH not been absorbed by the 
intestinal mucous membrane and carried into the 
blood, tho poisonous alkaloid, or ptmuaTno, which it 
secnstns is certainly present, and to this tho nervous 
symptoms, such as cramp, etc,, which eharactumo this 
may probably IH^ aHcrilKid 

Pouehot hm oxtraetml from tho fwceft of elioloraic 
s, a Hpecial alkaloid of the nature of ptomaine; 
ami quite rocDntly, in Au^unfe, 1 885, he has found traces 
of the ftamo alkaloid in Inf\iH!(m8 of pure culture of 
Koeh'H comma bacilluB,* 

iu concluwion, at the present stage of our know- 
Iftdgo, it may ba aclmitttul that tho action of patho- 
gonic microbes on tho wysteiu IB complex, and may 
l*e analysed w followu :~ (I) The action of a living 



Thte nffonls tho gorm of tha idm of HW pmNwi fw 
which IIHM jwrluipw alrciwly Iwm jmt l i<mt*titw A 
ntatoK that fhtt w^rt^t prwotw <'mptoycHl >>jr Ft;rmn 

ltiThig h'm cttitur< Infuwiwi by IUWUIH of Urn 
, and lining lhi liquid for IncKmlathm, winoo it c<>at4*tfti 
of oholearft without iU badllua (y). 
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parasite, which is nourished and multiplies at the 
expense of the fluids and gases of the system ; (2) tho 
formation by this parasite of a jioisonoHH nub-stance 
(ptomaine), of which the dements an; dorivwl from the 
organism, and it acts ay a jioigun on thi& or^antam. 
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CHAPTER VI 

M1UNS OF DKFKNCB AGAINST 



L AXTISKPTIO TRKATMKST OK We MINOS: 

1'uoTi'itTTiVK DiucssiNU; LISTKII'H J)KKSHINU, 



THB first and moat "brilliant uppliation of tho tiuwy 
of tnicroU*',H to litunau tlu'mpoutiiiH ban btwn made in 
ifm tntatuu^nt nf wounds 

Riric<s it in twlinitti*il that thn c]im#r of a wound 
or of a Hur^ireal oporai.Ion in (ritioily duo to th tsontact 
of thti wournl with tht* xt<mal nir, whih is Uultni 
with gortikH, or with th tlr<smn^ whi< k h may contain 
tuicroiiUH, all tho mit^um'ri ollorU Hhoiild lw rliroctod 
to preventing Hueh contact Thi may lo accorn- 
plihhiMl by Hovi^rul prwtwHfiH, now K*imntHy oinphiyed 
by Hur^wnw, and thiwi tnaybo n'^ardwi tin the juobkst 
achi^vomonb of modum 8iirjp*ry, 

In Oufirin'H protoitivodrohHin^thiM skilful 
made a praetioal two of Tytwlrtl'H and 

into tho nature of air-guim Ww 
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already said that air filtered through a sufficiently thick 
layer of cotton wool becomes free from yeniiH. Guorin 
covers that part of tho body in -which the wound is 
situated with several lay cm of cotton wool, carefully 
applied and confined by a cotton bandn^e. This 
dressing permits the access of air to a certain extent, 
but the air is filtered through the cotton wool, wind* 
arrests all microbes; and this Is proved by removing 
the dressing after tins lapse of Hoveral days, when tho 
wound will 1)0 found to bo in a Hatisfuelory state, awl 
in procoas of healing, A certain amount of pus in 
produced, but much less than in the oltl-fnsliiotierl 
lint dr. owning, and this pas in not puf relief since, tho 
{rorms "whinlu are the agents of putrefaction hu\u 
boon excluded. 

Tlu) Kn^Iiwh Hiiryeon, LiHter, lirw arrivetl at. thn 
nmo ruHiilt by a more, eomplimted proeeys, whiirh 
haw, howe.v^r, been yenernlly adopted in Fnne>*. II M 
procuBH IH base,*! on the, use of carbolic*, ar-id IIM mi 
antirioptic or deHtructive, ^enf, ofinirrobeH JIUM! 
Whenever an opemt/h^n is to In* p^ifurmeil, the 
mentH, tho surgeon*a hands, Uioiiu of la-i nvt 
and all tho innLorials used for <Ire.s^ir^ mtint 
Hte,epefl in a milltah'tttly diluk* HohUion of 
acid; tbrou^huut tlu* operation Um wound mttt K* 
Hurrouwlod with a Hpruy <^f Mm saute solution, pl^yjii^ 
over tho hands of tho Kur^itnn ami ovtir all ho fcoit(*JitH. 
The, namo wfluUou ami tin* WMIO {irKoautiofu am 
applicable to the treatmt'iit of all 
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he thoir origin, and should be renewed whenever the 
wound Is dressed. 

Wo cannot describe Lister's ilruwung in detail, but 
will only mention (1) that the HkSn Kurrounding tho 
region of tho operation, the surgeon'* hands, and the 
instruments are washed with a carbolic solution of two 
in throe pur cent. ; (2) the wpmy contains one per cent 
of carljolic acid ; (3) the ligature of the arturtuH is done 
with carboli^d catgut, which is eventually disnolved 
in thu wound; (4) tho drainage-tuho usually arranged 
for tho outflow of tho discharge in likuwiHu carboliaod ; 
(5) HO alsf> arc tho eight folds of gaiisw, which k 
inntuad of limit* diNWHings; ((J) a protitctiva, con- 
of greon oilwl mlk, Httt^pod in carbolic acid 
and varniHluMi like court-plaintcr, IB intorpfiHod to 
prevent tho irritating isffect of tho gatt^o on tho 
wound; (7j au iin[Htrtnoablo mackintiwli, lai<l botwei^i 
tho Hovonth and eighth foldn of gatiy,e, provoniH the 
penetration of fluidn. 

Tho admirable ramltH olitainod by LinturV method 
arc tho atrongeHt confirmation of the truth of the 
theory of microbes fiinco ifc httro^lnction into 
modical practice, mortality among tho, wounded and 
among thoHurgical patieutHhaH conHiiIomhly (Hminiwhmi, 
and oporationn formerly coimhhsriKl impnu^icutblo have 
been undiirtakon and BuccOMMfully earrioil out 

Carbolic actid IB not tho unly autmoptie which 
affords excellent nmultH by dt^troying^ or at all ovonte 
|>y attenuating, tho virulenco of uaierobi>i mid 
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germs. Alcohol, which has been long in tise, horacic 
acid, salicylic acid, thymol (usance of thyme), and 
cucalyptol (tho essence extracted from Ktwiil*jptn$ 
globulua), and many other substances, have tw*cit 
employed "both internally ancl externally with thin 
object, and most of thorn tako a more or lews irupor- 
tant place in the therapeutics of thoe dlsuuftCh caused 
by microbes. 



IL HYGIENE OF DIUNKING-WATKR : WATKR PUKB 

MlCUOlSKS; GllAMllKULANl) PlLTKU. 



Tho researchen carrierl on by Mit)uul for Home* yearn 
at the OKservatory of MontHonrin, at thn l*anth*:ot 
and in otlier parts of Parin, teiuih UM that living 
bacteria ans more rare in the atmonphiW than hail 
been generally 8up[toH<*<l. Wo Itave altviuly mid tlmt 
air in the grout purifier of iiiicrobuH, wlitclt it ih^troyrt 
by desiccation. Even in tho infection of woundn, it 
in probablo that tine liquicln and )iin fumiorly 
employed for dreHHingn trauHportcnl this wwrobtrH in 
gn*at(ir nuiubor thau tho air, howovir cbarged jfc 
might bo with thcne orgnniHiim in the i 
of a honpital. 

In tho water which wupplioa largo ic>wn^ 

from wolln or Htroairm, a large number <>f 
^howover found in a tat0 of pijrfi^t vitality. 
This IB cpitc natural, ince we kuuw that tibi&tto pkaU 
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cannot exist without moisture, and they find in mir*h 
water the organic matter which nourishes them. The 
rivers receive them by this sewers which discharge into 
them, the wells "by infiltration of the soil, and thus 
In times of epidemic, the microbes of typhoid fever 
and of cholera are always tr> be found in running or 
f*tftgnant Wtatars, which therefore become the vehicle 
of infectious diseases. 

Well-water, owing fcu its stagnant nature, and to 
the infiltration to which it is liable from cesspools 
which am often leuky, is more dangerous than 
running water. About two yrars ago, an epidemic 
of typhoid fever, which ommvd in om* quarter of 
Augury was stopped by introducing a supply of water 
from the Loire; up to that time well-water had bom 
exclusively in UHO. 

Wdl- Miter in ItwMfl'Wikmys" -In tnntty plains 
is still too oflon usod for niakin^ broad 
of running water. Them are probably many 
for this profensnea Hak^rs, without assigning 
any reason for the fact, asntjrt that W(ll- water caus^H 
the broad to dmc better; and moreover, in tr>wn, nueh 
AH AiijjurH, wboro thc^ro is a watcT ecimpnny, rivor- 
wafcor costs money, white wull-wabT may bo hod for 
nothing. About 60 pcjr cont of watcir IB umd in 
making bread, which explains tho pruforctnco nhown 
by bakora for wt>ll-wator r and also thr> important 
ancribtid by liygicmtafat to tho purity of the water 
used in bread -making. 
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In fact, direct experiments, iniulo with a maximum 
registering thermometer enclosed in th <lou t yli, shows 
that the internal temperature of the loaf, that of th<j 
crumb, rarely risen to 100. Wo know that thin tem- 
perature does not sulKce to destroy most iniftrubrs, 
still less their germs, for which a temperature of from 
115 to 100 IH nocewiary. 

In 1884, Buuvet, a chemist, and IVi'aulii'rfc, a pro- 
fisssorat the Lyede, wore counuisftimioil by tlw muniri* 
pality of Anghi'H to make a niHirost-opia (ixfujiinntmn of 
numerous specimens of well-water uxcd by bakers in 
their trade in different parts of tin* town, Tin* exami- 
nation of dupoHita, either obf<Jiiiwd wpontnmou*ly by 
allowing the water to Miami for twenty-four huura, or 
by testing the water with onmic iteitl, in acusnniuncu 
with Gorton's pnx.HH ? almost invariably n:viakMl lh* 
proHonco not only of this ova of ftMWtrickts, bti^/ of 
nunutroim micro] M>H HOIHO of thorn lutriitli^ liki* 
It&ctwlwH, teww>; othenuIoubtfuK on itomiutit of tlurir 
forming chains like tho aiictrooofiCUM (two Hpi*ei<*M of 
diflbront form), and reHoitibliiif; Mii'MttwstiitH dl^kth^ 
riGW. Now, croup may bo rofpirdud its oiuUftnlo ttt 
Angora. Iu four wellH oufc of tho twntyflvii ox* 
aminod thwo miorolKMS worn found \n gtmi ntimUvrn, 
It must bo noted that tnierocoacn im? nofc found in 
strongly aerated wator f but only lu that of which 
tho organic deposit iw aliundturtk 

Woll-wator mtm^ihuroforep Ixsgra^rnHy eonrlmtu!(i t 
both for drinking pt^rpoam and for tho making ut' 
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broad. Spring-water, and still more rivor-water, as 
it is now supplied in townw by a system of pipen, 
in not frco from organic matter, nor from microbes, 
although they art) loss abundant than iu well-water. 
Purification ia therefore neeoHBary* 

With this object, it is recommended, especially in 
times of cspidemic, to boil the water, so as to destroy 
the microbes contained in it. But this process expels 
the gases, and reduces the proportion of salts in solu- 
tion, thus rendering the water heavy and indigestible. 
It has, therefore, been suggested that only weak 
mineral waters should bo drunk, such m that of 
Haint Gulmior, which, if taken at tho source and 
immediately planed in hermetically scaled bottles, 
contains very few microbes, But thin process is 
costly, wo that only rich people can avail themselves 
of it. The most practicable modo of purifying table- 
water and rendering it wholesome is by tho use of 
ill tern 

Ordinary Filters CthMAttcrkintF* Mlorobe ffittur* 
Kvery one is acquainted with the common filter, 
iuatli with crushed sandstone, charcoal, ota> which 
should be found in all households and kiteliona Thin 
generally HulHeow to ftwj water from organic matter, 
and especially from tho ova of aMuariduN (Intestinal 
wonufl), which, wh&n introduced int4> the Hynkm, 
develop and cauno inconvenience to m many ciutdren, 
j&nd even to grown porwonn* It u* imiK>HHtblo to itt^w* 
too ytrungly oa the fact that tho pruBeuce of aacariden 
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in the intestines is always duo to the use of tmfiltered 
water, and this should enforce the gfinaral use of 
filters, which is often neglected even by those who 
cannot be deterred by the relatively moderate co*r, 
of an instrument which it is almont impossible to 
wear out. An ordinary filter, however, can anv?>t n 
very small proportion of mierol>e ? which are unu'h 
more minute than the ova of ancarideH, 

A filter has, therefore, been dovifwd, HO perfect an 
to allow the passage of no solid matter in HUHpunHion, 
not even the moat minute orgnniMmH contained in 
drinking-water. ThiB result IH etfoeted by the liltor 
invented by Ohamberland in PnHtour'j* laboratory. 
The filter is formed (Fig* 101) of a vuBBul of Jiincuit- 
ware, A, shaped like a candle (whence itn name of 
bougie Charubuiiand) ; this i fiiH^med to UMJS lownr 
part of the metallic rwoiver D, which ri'C'iv*K tiiiilfir 
preure tho water coining from this cock 15, Thin 
vcHHei couHutjuontly f 11 torn tho water frotu without k> 
within, and it flows through tho oriftau H, iwiffwtljr 
free from solid particle^ an it appoar.s from a uucro 
graphic exatnination. 

Fitted to tho dintributinff watfjr4ap of many 
houHCB in Parin, and ewpecially in lyafon, tho Ohiim* 
berland filter acts under tho normal prej^ttro of Uio 
water-conduit, iwirl, by a now mfHiiflontlan of (tie 
inventor, can evtsn act without ueh prepare. For 
thiB purjiOHo ho arrang^w hi filtom in a lnttt<ay, from 
eight to ton or more, m a cylindrical rocuivor, 
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in its upper part. This receiver is connected by a 
caoutchouc tulm with the vessel which contains wati r 




Fig, lOK-Aratloa ad 'lftVAtbri of Ohmtertal'a flltor. 

for filtering. When the VCWHU! iw phtccd two cir tlimi 
wotre above the filter, from fifcum to twenty litres 
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of perfectly pure water may be obtained in the course 
of an hour. Under the pressure of the taps of the 
Paris water-supply, the jot of th<? liltcrwl water is 
as strong as that of the pipes used lor watering our 
gardens; in. farct, it givuw out four or five litres a 
minuto under the procure of two or thr**e atmospheres. 

P'ftiHervtttion of Alitiwntary tiitlMfttuwH. Ajtjwif# 
Protective, ./Vomsw, etc. We have already naid that 
organic HubntarieeB may be preserved uwlmnit'<] for 
an indefinite time, aw long as they ure protected from 
the microbuH and gerniH in the air. This wan nhowu 
by Pasteur's oxhau,stive oxporimonbf. H*> took urinu 
and blood, and trannferrod tlutai (Iir<*rjtly from tho 
animal organw into glann ilaskw wliiuh had |K*PII pwi- 
viounly Bterilixc.d or dcprivfid of all g<?rwH. Thi'Ho 
ilawkB were htfrniutujally olowtul and kopt for furty^ivo 
dayn. When ojxuiod at the end of that tuiwt, it wan 
anc(rtaiiiu(I that the Htiujll and appi*umwj of tlt^ 
litjuidn were unchanged, that no putrid gan had bmi 
developed, and (*v<m that HOIUO of tho oxygrn in th0 
ilaskH hful not bouti abnorljrd 

Most of thu jirocoMHiM in HBO, von twfor** thk 
oxperiinont, for the pruHurvation of foml nitlwbutcWi 
are only thb practical application of tlua princij*le: 
the oxeluHion of tnicroben anl goriwa 

Ap]tcrt f B proc( k HH, now HO gmusmtly unedl to 
inoat and vt^otfthloH, crmMinte in moiosbg tibo 

to be prwwrvwl in tkkM p whieli ar hunnoticalljr 
and heated to a temperature gf 110, so as 
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to ensure the destruction of all germs. A very small 
aperture is left at the top of the cant) for the escape 
of steam and air, which is closed with a drop of Bolder 
before the ebullition of the liquid within is completely 
over. 

The envelopment of meat in its own fat, its pre- 
servation in sugar, wax, eta, an* analogous protective 
processes, always employed at a hi#li temperature. 

When meat is smoked, the aromatic principles of 
carbolic acid, creosote, etc., contained in the Hmoko, 
destroy the ferments and prevent the wuUsoqunnt 
development of air-yorms. It is, therefore, a true anti- 
Coptic, analogous to the salts uned to preserve moab 
or finh by pickling* Meat may also be pnwrwl l>y 
desiccation, whoa it in cut in thin strips and <*xpoHed 
to the nun and air. This constitute** the jerkod beef 
of Htmth America* 

Kxcullimb ruMultH art* now obtained by drying meat 
at from flft* to 55 in n ntove through which a currenb 
of dry air IB passed, Tho powdered tnitatn to be ob- 
tnined from chemists, which an* of gnat uso in nourish* 
ing the sick and convalescent, are prepared by au 
improvement on this process, TJuvy are alwoluteiy 
free from smell, and will kiwp m lun# m (Jtey aro 
protected from damp- VeKi>tableH cookeI by wtoam, 
and then c</mpreBHtMi and dried, may bo kept for 
miveral years, 

Eafrigomtion by ico ha been umtl to pmwrvo 
meat But when congelation haa occurred ia tha 
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fluids contained in the muscular tissue, putrefaction 
Huts in, and rapidly increases, as soon as the tempera* 
turo rises a few decrees abovo frou/iny-point. Tho 
meat also acquires an unpliiawinily swHt taste. It 
will be remembered that the first cnr#> of frown 
American meat which was brought to Paris had con- 
tracted an unpleasant taste and was vnry soon 
tainted. When meat, gam<, <> r fi*h i k*l*t in J&, tin* 
congelation of the fluids contained in their tlsjswrs 
muwt therefore be avoided. 

Many antiweptics, vinegar, alcohol, glycrrm* 1 , <tc., 
may likewise be used to preserve meat and uth,?r 
alimentary mibntancc'S. 

AntiMptics and Dll f nft\cMnf^^^N^ will 
the substances which are tlniH < 
from tlie hygienic point of view, and a ft primtntivu 
tn^atment of contagious <liscas<*H, indh*atJUjL{ tl 
of thcHo Hiihstanct'H on nucrobrs* 

AntiHe]>ticH have hcwnntudifnl by Jalainlo 
with roforoncit to thoir actir>tt on itiiet'obi^ in 
HIM experiments wuro perfonu.d on culture li[itliiai 
made of the juice of cooked tnoat, int*> which Iia 
introduced an equal Tnun!T of drop* of the ^atijo 
broth, which contained fully cJ^v^lopwl bacturb, H0 
next &Heertain<Hl the dosr, in miHi^raiwuoM, of an 
antoptic (mlmbinco whicl* would Muttioo uithiir to 
arroHt tliuir ittiiltipHcation or to di^tmy tht 
and coime^uoutly to Htt,nli/,u tlu*, lii 
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He analysed in this way twenty Huhstanoos con- 
mdered to l>e antiseptic, or cotnmoiily used an such. 
He has puhlLshed a tahle in which these Kuhstancvs 
arc classified in thoir on lor of activity, and it imdudas 
among others tlie following antiseptics, which we cite 
in tho ortler assigned to them: 



Xo 



No. J3 
'M .................. Xn.it 

t'arMwucM ,,. ., .......... ,., No. MJ 

ItonLiM<* uciil .................. No. IK 

Alcohol ... .................. X a |{> 

KwruiH 1 of ruMil t \!Jfii>t .*, ., . ..... 4 . g No, 20 



The thnt* lust. sukstaiMi'H an* inrapnMi 11 of Ht'H- 
(Utlturo 1 troths. 

Thin tahtu shown that catholic* acid, which is now 
8t iniirjh in UNO, <lo<w not destroy ini<irohrH so eflicleutlv 
ILH nalicylitj <icM, pennan^aruitM of potassium, thymol, 
ItetiKoic a5d t bromides, and iodine. In this estimnto, 
however, wo must tak into ncrtouitt how far the UHO 
of each antiseptic is practical >1<*. 

Thus, conusive suhlitruUe, wh!<th these exporitnentiH 
jwhow to 1m tho host anliscptif, <fan l*o userl *w art 
external lotion, hnfc it cannot te /jfivnn internally in 
Buffiriient tr> prorJuco the desired eftee.k Hi^hty 
meH are rru{uirt^l to sterilise a litre of hroth, 
and forty to arrest tho development of bacteria, 
Twonty milligrnmmoH will not oifoot UUH ruult| 
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this latter done is a maximum which it is almost 
impo&sibb to exceed in man in the course of twenty- 
four hours without poisoning him. 

Sulphurous add ift very effectual when employed 
in fumiyatiotiH, but it does not penetrate to the interior 
of tho tiNHiiuH, and only actn on the microbes on their 
surface. It dotiH not destroy their spoiw 

Iodine has ^rcat ellbet in this respect. Davaino 
has ascertained that woven milligrammes of iodine 
HuHiee to destroy the bacteria of anthrax in a litre 
of liquid. JiiHtf'iwl of a hot iron, tincture of icxlino 
might, therefore, be uwl to cauterize tho Wtoa of 
potaonoUB flies, carhunduH, aiul iho pustulo of anthrax 

Koch wtate that a solution uf iive p<*r ewit, of 
ftarbollc atiid is rwjuirorl to drntroy tho Mpon;n if 
anthrax in twouty-foiH- hnurn; but the bacilli thi'in- 
aelven arc tliwlroyod by a Hohttion of iut per ctnit, 
A Holutiun of 002 ptsr ce.ni iodiuo, or 0-07 pfr eimt. 
of bromine prevents tho duvulopwwit of biunilh 

Chloride of ftiw* attd milphato of iron, whmh liavo 
been rooommimdod a diniuftttiUntrt, nw very itifttrifu* 
to chloriclo of limo, which btkiw tho tltird place m 
lint, tho Bceond being oecupuul by chloriua 

Alcohol arrewtn tlus d*>volopuunt of iNUiU'ii 
their nporew, biit <!HM not duntroy fclin latter, 
lit the owl of a month, an it is Htaksci by Claude 
Bernard, 

Malta r(^ard (monecv of muMtanl wi a 
prcorvativi3 from chulera* If & Urop of this 
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is put at the bottom of a bell-glass which covers a 
culture of comma bacilli, it arrests their development 
and destroys them within forty-eight houra. 

When cholera is epidemic, it has been suggested 
that rum or cognac should be taken, to which salicylic 
acid is added, in the proportion of 23 grammes to tho 
litre, A.pctit verw, or throe teoHpoonHful, of this mixture 
may be taken between meals in coffee, tea, or grog. 

Kodarrl has been recently occupied with the dis- 
infection of the railway-waggons uwd for tlw trans- 
port of cattle. lie regards most of the substances 
pinployed, including sulphurous acid, an insufficient 
The only ofiectual proems is by steam, at a tempera- 
ture of 110", which may bo easily procured at tho 
railway stations* 

AH wo have already said, tho oxygon contains! in 
air is an excellent awtiwcplic, and the attempt has 
boon mado to umploy it; but tho oxpoririHtntw of Bort 
fwd Itagnard show that bacteria are only 
by oxygon at a high prtw-wra As for 

, it hflH not yot afforded the muilta which woro 
from it, 

Finally, each *pam<w of n*icro}*o api^arH to bt* 
more or IHS cnwifcivo to tho action of tliflin*ont 
thttrapoufcic agonte. Thus tho (jfr^ct of nionmritti salte 
out tho microbe of Byplulb waw known buforo tho 
of Wie microbe ifcnolf wa known; that rrf 
Halts of ([uinirtc and arwunic on tho microns of 
fovor, ota 
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We must, in conclusion, rely much, more upon 
measures of hygieno than on antiseptics to ward off 
the attacks of tho microbes which are factors of 
disease. Even in Lister's dressing, it is probable 
that the hermetic closing of the wound has, as it is 
shown by Guerin's process, much more effect than 
carbolic acid, which is shown by direct experiments 
to bo a feeble and generally an insufficient antiseptic* 

Wo have still to speak of tho preventive vaccina- 
tions and inoculations on which medicine relies more 
than on antiseptics; but this subject will bo bettor 
discussed in tho following chapter, when wo have 
spoken of the processes of culture by which tho 
doHtinud for those inoculation* am prepared, 
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CHAPTER VII 

T,ATirmATOftY nESEAUCU, AND (MrLTPttB OF A 

THE prouenHOH ftinployod in laboratories' for tlu* Htudy 
and culture of patho^vnio mutroluss are now vtry 
complicated, anil thy liavn atl.aitK^l a rtinarkal/U* 
ilt^riso of |>erfi<*tion f In such *m elonutninry work a^ 
thin we < ( aii only ^iv a ^wml i*l(*a of th<H 
I^nwii^HHOH, and for <lciatl.s wo mu? t t< nfir nur 
the valuable work by CWuil and I5aI)\s T 
in which the h'rhtufiiw of lalxiratnriPH <l(*voi,(td tc thn 
hi,Ht>(Io^y of mierubuw ia duHevibwl with gnat accuracy 
aud el(;artK%s. 

JLt/^/^-'w/^ft Tho brHl mMf.ruuM'iiiM fiu- Uio rtm<'arch 
and ntudy of microlxm arc ihosu of XHHH, Juna, and 
Vdrick, PariH. hiinu^ion Idiust^ eiirhor for mo in 
water or in ofchor liotno^cncMUis liquids, ar<i 
Hiihlo furtlio high nia^tiifyin^ povror which iH 
in (rd<sr to Ht^o mo**t bacteria diMtinctly. 
CHpiiuially tho-st) of Abbd tna<lo by J&HHS, am no 
useful in onlor to concfnti-ato tho lumimmK rayn ou 
that ptuiit of tho preparation whinli in to be Mpccially 
exam i nod, and to place thu bautoria in relief after 
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they have heeri stained by th(3 process we arc about to 
mention. 

A preparation ought first to be exmnmod under a 
low magnifying power (from 30 to 100 dic'tinctura), HO 
HHto aturly the topography of thu object, awl UHcviiain 
tho points at which the colonies of miwobi's imty Iw 
sought amid tho tissues of a section, or of thu malturn 
in HUHpeiiKion in the liquid. 

We should then #o on to a higher rnn#uifyin# 
power (for oxamplr, to from HOO to 700 diatneierH^ 
inakimjLf nwcj of tin* mnipln light of the uurror; and wo 
should ullimaloly como to the highlit ina^rnfying 
powers (from JOOO to 1.100 diiimttturH^ u^ing iunuer- 
and tluii coitdunwr. 

Ht Atiw'atomc. Tito insinun^ntn for lirift 
are thonn oorntnoitly nsitd in liiiitolugy. In 
nceilli'H of glan^ and plaiiuuia HI itfWHHiiry, 
attd thin Hjml.uhiM of niril<cI to convoy the ,s<MsiititiN, ft*. 

The tmlhuuy raxnr, whidi H"rv<*H for liand 'i*tUm, 
will not do for tlw Mun, will's Hcciions ni*<!i*NH^ry for 
the discovery of Uu^triiih la thin ease a uni;rokin<i 
namt bo used, an inHirunient for making thin ftcdmrm, 
for which purjxme tltono of Thorasi or Vurii'k am ilto 
bent. HomnMiapH th<^ object to bo ^xamimkl i 
hardtmed by frcr^Jng 1 it with eiln>r Hpriiy, fthuw thiw 
it pOKnibh* to cut thin suciitmt* by hiuid. 



alcohol, oil of umtiao, and other os}cnee3 yervo 
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dehydrate and partially decolourize preparation** 
Canada balsam is used to mount them ; and finally 
distilled water, absolutely freo from microbes, which 
may be uanily obtained by mi'ann of tin) < Jhamberland 
filter already described, is uwsil for washing iiuitru- 
H, etc. 

fi of rolled wy Out Liquifa to ha <uraw,i n*d. In 
ordor to colh^ttho liquid** to Im obtained 
in the wards* of a hospital or 
(blood, urim*, .sputum, Hta#nant or 



water, etc.), pipd-toM, which may be <*ithor 



or with dwisi^d m k (?kH, are uwnl, 
ending in a capillary pint c:lood by 
hnat, au<l in ifcn upjwr part by a Htoppcr 
of finc, 8triliyjcl cofcton W(oi The 
pipnita in lutatcvi afc a blowpipe flamt\ 
it* ordnr to dwiroy Ui^ ^rsrmB. Wlum it 
in to be unwl, tht* ftnt in broken ott", 
and it in pinned into ilm liquid (din- 
charge from a iVtwhly ijHnwl abHQ(*HH 
blintor of t^ryHiptdaH, (it(\), and an anpira* 
turn in madt* through th** ofchor <nd. Tlu> 
Ii(|Uid is unable*. ti> rise* abovo tho lov^l 
of the twiHt^fl iH-c:k ; and this in important, 
J *' oKpceially wbn th anpirafcion in made 
i wfth by the mouth. The* point in Uusn 

dl nick* 

wf u MH! 

Ina y ^ varied according to UMI 

HO long m the name precautions MM always 
taken to avoid 
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Preparations. Such precautions, and especially 
the most scrupulous cleanliness, are necessary in 
making preparations, since air, water, dust, the human 
hand, and instruments may all introduce foreign 
microbes. The instruments should be wanhed in abso- 
lute alcohol, and it is still more effectual to heat them 
to a temperature of from 130 to 200. 

As to the liquids (pus, mucus, etc,), the uppe?r mir- 
face should not be taken, but that which i nramst to 
the tissues, and it should be spread on a thin wlido 
by a platinum wire, which has boon heated red hut 
and then allowed to cool 

When the tissues arc to be examined, part of tliton 
is detached by a knife which has been boated red hot 
It is placed in Jung's frothing microtome, in order to 
cut sections, after it has boon hardened in alcohol, to 
which bichromate of potOHHium SB goimttiintiK ariilul. 
The HoelioiiH arc mado a largo aa |x>*wibl% and an* 
then iiwtantiy tmnnfttrrod to a capimlo full of alcohol, 
iit which they ftpontauoouHly unfold. Tlio gt&m* or 
platinum needlo, and the nickel or platinum wpatula, 
aorve to Hprcacl out and Hrnooth ihoBo auction*, 

Sfaiiwnt/ Metiwdti* Aniline dyon havi* thw pmjierty 
of giving a more vivid colour to the bacteria t|win to 
the surrounding twwum, often ovotk withawfc d0tHE>ying 
thorn or altering their m<wmi<mta Thi prop*rty Im 
been turned to acemui t, and the staining of preparations 
IM now largely praetidi* 

Methyl- violet, or fucliBin, in aqueous solution, serves 
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to yfcain the living bacteria in a drop of water, under 
j% cover-glass. A small drop of the, staining liquid is 
wlowly diiTuHod into tlio preparation, and gradually 
tinges the bacteria without giving any sensible culuur 
to tho liquid which contains thorn. When tho comma 
bacilluH of cholera is thus treated, it is nti.ll capable of 
motion after tho Inpsc of t\v<inty-four hours, and it will 
continue to develop if thn Htago of ihw microscope irt 
heated to 25". 

hi wed/ions which liavo }on hanli'iicd or dried in 
alcohol tho bac.twia havts ci*isod to live, but thny may 
bo staluod with tho following reagents (Jnuaclior'H 
homwHic carmine, hmnatoxylin, and tin^iuru of 
may l>n r<Hjm<*tivtiIy employed, awonling to iho 
nf tniwolw which m to bo Htainwh MinroamcuH, this 
of bacteria, Jtntiitta* awjifaiHtcJw M mouldy 



. 

Anilinn dy<w, with an nlkaltnn or acid basis, am 
vmy numm'oUH and varieil; methyl-violot and gtintian 
in oil of aniHno t orina(iueouHH(Iuti(m F ro.situs Hailrtniinn, 
Iliwuarck brown, purpurinc, <*ta 

It in oftcm clmirod to IIl a dt^ubio Htrihutig of tho 
H(ction, the tissue^ for oxamplo, Uinf Hbtinwl rod, and 
tlir> bae,teria violot, or convensely* Picromriiiinato of 
ammonium givon thin oilbcfc by tho following JWMWH:~- 
Aft*tr Hta'uiing tho preparation with wothyl-violofc, it 
in dipped for a moment in tho iodide Hohitirw, and 
watiii in water or w?mk uleciUf >I ; ifc in tlw^rt 
for Homo miimUw in the putrocftritiinate, of wlilch 
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colour is made lighter by washing with absolute* 
alcohol and oil of cloves, and tho prq oration is after- 
wards mounted in "balsam. Tho nuclei of tho cdls arc 
then of a cariitino red, and tho bacteria are violet; the 
rest of the preparation is of a much paler colour* 

Ehrlwlfa Method* Wo mentioned thin method 
whon speaking of tho bacillus of tuhnrculowia. It 
consists in treating tho Koctions or mounted prepara- 
tion with a solution of muthyl-viohit in aniline oil, and 
the colour in afterwards quickly diwhnr^'d In nitric 
acid ; tho bacteria alone remain violet, Fuchsia, 
mothylone blue, coccinino, wsuvmo, etc., iuis also em- 
ployed in variouH proconsftH for Btawin# bacturhu 

Measurement* J)tU'wingt9 9 and ^*Ao/r^my>/^.- Bae- 
toria are inc;u.Huro<l by comparing thuw with tho 
diviHions of tho n&icro-iuiirniu^rc wlido plm^d ou thn 
BiiHffo of tht) mierosttopu ovor the prr k paraUon* Tho 
microbes may bo drawn without munh diiluntlty by 
!a<,taiiH of tho camera lucitla ab Iwiwfc, aftir a Jittlo 
practice*, as? thuir furntft arc tiot at alt (jouiplox* But 
the rcBulbs afforded by photn^nipliy am, an it i plain, 
very superior. The photographic plafcri in imbed more 
HonHttivo than tho eye, ami oft^^i allf>w m to m& 
dutailn which had OHoapod tho lattctr. Koeh hwi glv^n 
good illtiHttiitionfv of patho#<*,nitj tiantorta iti hi* book 
untittod, Beitnlff^ %m Mdwjw d&r Pjlffinm^ wi it. 
(1877), 

Methods of Mwrobe Cvltwre, Tlta dowlopm^nt of 
microbes may be observed by |>la0tttg tlia dmp of 



264 MICROBES, FBRMENTB, AND MOULDS. 

liquid to be examined in Ranvier'n moirt chamber, 
consisting of a glass holder, with a circular groove and 
a flat apace in the centra On the top iw a 



-=*- 






which in txmlorwl with paniffltt or vahliti^ in wlor to 
oal it* The grr>ov eoiitainM ai* and a Ufctb UtuM. 
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The staye of the microscope is maintained at the 
requisite temperature*. 

In order to make cultures in large quantities other 
kind* of apparatus are in use. The liquid supposed to 
contain microbes is introduced into sterilized nutritive 
liquids by means of a platinum wire, which has been 
heated red hot and then allowed to cool; its end is 



, 104,fJftfl Mfow for th* hwttltiff Ami 





Wit lift' tHl 



dipped into the liquid* and then instantly 
to the culture whilo it in expoHad to the heat of a 
npirit-lamp. The flunk in then Ht^ulctl witlt a wad of 
cotton wool 

Thw oulture Uriuidw employed by FiMiteur w 
eactmet of b^r-yeant, an infunton f li^y, boiM 

urine, and tho broth of variouft kinds of 
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moat, The flasks are all modification** of the form 
indicated hi Fig. 7G, Thene flasks are boated in an 
iron /jjiiH ntovo (Fi# 104), of which the double caso w 
hunted by gasburnors, and it wnituiiw a basket of iron 
as the receptacle of the iiask.s, tuben, etc., which 




are to bo Ht<srili/,rd, Tho U*m|<mtiin, 
thcnnometej*, twiHtmo t(^ from !;>(>" to &">0', 

The utttriiivo liquid in boiled in A porcelain 
elble in UK^ optm air, and is introduced by 
off the lai>nrHl end of the, ilmk ; ifc in then i 
plunged into tlui broth, and drawn by AH o 
thrcmgh thu oppcmili^ tub% after which tin* 
rmd in rcm&aUxl at the lamp* 



by a 
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The tubas, which have two reservoirs and two 
tapered ends (Figs. 103, JOG), are very numerous in 
Pasteur's laboratory. They arc raugod ou a stand iix 
the way whowu in the %ure. 

It i.s ascertained that the contents of the tubes are 
roally sttu'ilixwl by leaving thorn for nevenil days iu 
a stove which is maintaiuhd at a temperature of 3- 1 ) . 

In addition to the culLuni liquid** already indi- 
cated, many othons consist of various solutions of 
phosphate of lime and potanMum, albuminous solu- 
tions, etc. 

Hol'itl Nutriliw Sulwlanw*. In order to iw(Iate tho 
dittbrent Bp<uue,s of baetiu'ia, and to obtain pure <wl- 
turoH, Holid HubHtrfinNw are now preferred: e^H, iictw 
<if potatoes and (iarrotn, but eHpwiially gelatine and 
j{4oHO whieli eonujH from Jajmn njady for UHe, and IB 
wai<l to lw iixtract.oti from a marino alga and tho jgoia- 
tinixtul Httrum of th blood of oxn, AH thono anb- 
HtancntH ar< transparttnt, HD that tho eultuivH wm bo 
ctinily obw(rv< k d in ^!HHH tubttH. Kotth, in bin 
labomtory, mak<m almowt oxclufsivo uw(s of m>lid 
which are firnt Htcrilissed by Mtmilnr prwaufcuma 

In order loobtftin purr* cultureH, all kindw of gonttfl 
ar first allowed to grow; then a very mnali muoimt 
of Utom iw tftkoti from tho culture ntodiuifij and 
tratiHforrod tf> tho HlurilisscHl m<uliuin 9 in yhioik fewer 
microbuH natvirally appear. Aftor sovuml rw|>otitions 
of thin trarwplantaMon, nufltotontly ptire <jtilturt may 

lit rally bo obtiiiaed within a short tuna 
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Koch employs a more certain method Ho 
his sowings on glass plates, covorud with Hterilfosed 
gelatine and kept at a tomporaturo of JU), by means of 
a lencler platinum wire which han been, made reel hot, 
then allowed to cool, and chared with a very minute 
particle of matter, which in lull of bacteria. The 
(iolonies of different microbes isolate themselves, and 
may be plainly worm on the #lass pin- to with the aid of 
a magnifier. Their variable sixe and characters often 
enable uxperiimcnd observers to distinguish them by 
their anpect alone (V\g f #7, 1, 2), The t<j*t-tubeH, 
(tontainin^ sterilized gelatines arn ihen inoculated 
with the* microbe whieh it is desired to study (Figs. 
8d 105) f after taking UID usual precautions, 

The filters UHftd to wterili%n liquids aro of S?'vms 
biHCuit-waro healed to liO , or wighuHl pottery, 
Hitch is tins Ohamberland filter already rleKtrihi'iL 

Outtww for KjrjwniwrHfa on AviitititJH."~ t r\iH pro- 
mHHes wo hav<^ just indicated aro also nece: n 'ary in 
these experiments, Hern likiwiso nil the causes of 
error which would arise from tho want of clwuiHw*Ns, cr 
from tho impurity of thti culture Jitjuitls, twist br* eaN*- 
fttlly avoided; and it nuwl also bu anci'iiHinisrl that 
th efffict produccid on the animal is not duo to any 
obhor microbe than that of th expt^rimont, nor to 
any irritating and Coptic ubfaatc;^ Tho itxperiniHiiifc 
should bo rt>c*attid ovorai tinum by toku*^ 1*00*0 of 
fcho Wood of the inoculated animal* and making a puro 
Ottlturo, which may b uaed to ropmlnco tho 
hi other animals. 
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Attenuation of P<jtftoymic Microbes. Successive 
cultures have established, as we have soon, the pos- 
sibility of attenuating virus, and transforming it into 
vaccine. The processes employed to attain this object 
are complex and varitsd, according to tho species of 
bacterium with which wo have to do. 

ThuB, for fowl-cholera, Pasteur found that cultures 
dating from fifteen days, or from one, two, eight, and 
ten niontliH, progressively lost their virulence, and ho 
believes this attenuation to be due to the action of the 
oxygen of the air* So, again, Koch supposes that th 
action of tho air and the desiccation of the gernu* 
produces, after a timo, the natural extinction of the 



Toufl&iant and Chauvoan attenuate tho virus of 
anthrax, IIH wo have BOOH, by subjecting it to a tem- 
perature of from 4# w to 4S. Pasteur and ThuilUor have 
attenuated tho viru of AVJHO fever by pacing it 
through tho HyHtotti of a rabbit, Pantour ban alwo 
atknuatud the viruw of rulnm, of winch tho microbe 
in still unknown, by panning it miccuHHtvety through 
the BynternH of a rabbit, monkey, etc* 

Finally, the warn** romlt may bo obtained by acid- 
ing varkniH antbi^piie HubritanctJH to culture liquidn, 
and thua weakening: tho virulent action of tlto 
xuicrobo. 

Vawinafiton &n& fm$ufatim^Tb* at^Bu^ti^d 
vinm or vaccine thu obtaiiuid may be uaod for inocu- 
la quantities which experience indicate k> 
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be necessary and sufficient, quantities -which vary 
according to eireumfctancoH. In order to vaccinate 
a sheep against anthrax, tlw animal must IK* hold hy 
its fore foot in a sitting position, HO as to present its 
belly to the operator; th tulw of a ]VIV;IJK syringe, 
containing the injection, is then inserted in the. hasu 
of the fjfroin, whioh is devoid of wool. In eattle the 
operation w performed at the root of* tlu* twl. Jt in 
performed twice finst with a weak vamne, and, after 
Iho lapse of a week, wiMi (me, whieli is .*<tron^^r. 

Kve.ry one is acfpiftinted \vith ih< pruecss of vacsci- 
natiiiK t' 11 * human wilj<u*,fc ft^uitiKt. wmall pox, \vhie,h 
may Js done either with lymph fni an hifttnt or 
(V(m a calfl A hniee,!/ orpfroovcwl n^edlif is otn ployed, 
on which tlwru in a drojv of lymph, an<l iivts or mx, 
pinwJiUnw are inad^ on the arnm or thighs. 

W(s mnnfc not imagine tlrtt vaeeirmlion can 1me<mio 
nn al)Nolnt*i preservative from fill <IIW I :LHI% For in* 
slartcjo, in orysipcbw, pneunnoni?v and 
n lirnt ai^wk SB HO far from warding off a 
attek of tlw wuno iliwsi, thai it emitrvi a 
Held for relapm% ifc way, < ( ciiiwvjfnHy, l 
a prfari that vaeeinatirm iu micli <!ii'*i"* would di> iorr 
than good (Comil), It in Uiu wuuo with inter- 
'nt fijvttr, tuhere.uJosis Hyphiliw, i't^; nil 
by whittlt tho wuno individual may hf< ntUieKerl 
lhmw and at varying Intorvaln of time- it. Har 
tliab tho llrwt attack ban ereutud no iiiuitnuity 
attacks 



LABORATORY KKS13AHCH, ETC, 271 

Immunity. This term is applied to tho property 
which the organism miiy acquire of being safe from 
attacks of certain disease flue to microbes, either in 
coiwv|tuinco of a former attack, or from a condition 
which doubtless arises from absorbing tho pathogenic 
poison in minute doses, often repealed. Acclimatization 
frequently constitutes immunity. Thus, in countries 
where malaria, yellow foyer, <jte. prevail, the inlial>i- 
tants arc le.ss a ( |>t to contract tho diweawo than 
Btran^ors* Such immunity Ls not nlwoluto, and may 
be lost in course of time. This ha been ascertained 
in tho CIIHO of small-pox, so that it is prudent to bo 
ru vaccinated every tun or twelve 
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CHAPTKIl VTII. 



OK MWROIIK& 

MICROBES (bacteria, ferments, and moulds) display; 
like all the lowor tyjwH of th<* animal and 
kingdoms, cnnttidenthlo polymorphism. Jfc in 
therefore, that wo should he on, our f^itard, l<^t thin 
phenomenon wluaild hcs tho HOUW of errorn and con* 
ftwioxiH vrry prejuditnal to Htnenee^^ither ly d?8' ( rihiiij{ 
an dinthuit Hpec*uw different fornm of th naniri MpctciftK, 
or by hhtn^ on tho other hand, led to regard as ono 
and tho Hiimo Hpc(Ji<'H wsvorftl whii*h am n^ally 
and which for want of proper prowuttSoiiH, havo 
brcm^ht together in tlitt muni* preparation, without tho 
obflwrvor being awaro of the fat?t, 

Wo liavn indicated in tlu> fori^iinx fthpter tho 
KcruptiUuit caro which IH indtHptrnwabltj in kbonttoriw 
in order to guard againnt nurpri*(ift of this kind. 
Thew precantiom aro not a!way miffitskmi^ and we-* 
permttco nhowB that a mngta a^t of fur^otfulncms or 
distraction on the part of the ol^wr i enough to 
spoil tho result of a long soriw of rm^r^hi^ More* 
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over, these precautions often afford only a 
result, wince some bacteria which have been reproduced 
for a long while in the same form in a given medium 
of culture, suddenly change their form and habits 011 
bein<f transferred to another medium, 

In ordrr f,o yiv an idea of the difficulties which 
beset this branch of research, it will be oiunigh to 
c-ito thcj liislnry of liclumH, a history well known to all 
nrypti famous hoUuiiwLs, Thcj structure of those lower 
plants is at <H' simple and complex, since wo tnay 
regard tliein ns forniCMl by tins aswoeiation, or nyi' 
an it is to'hhieally ('ailed, in each lidhen of a 
of #WH al^t with a wpecioH uf culourleas fungi IH of the 



l)t^ Hury arid the hotrttilsts of his school, 
rlener, lioniet, IlecwM, Stahl, eta, state that in what 
is called a liehen the. HMSUMH of an nl^a and UIOM^ of 
a fini^iiH are intcnmn^led in such a way as tt> fona 
the slrueliire, which <5onstituUtH the liehun. Owixi# 
to this e)ow<> iLNNoeiftlion, a liehen can live like other 
plants, not an a pimwile, lik<% fun^i ; tk<c green park 
of the nl^a assiniibite thtj carbon eoiituiiuttl in the 
nir in the lorrti of carbonic aaid and thutt 
nutrhrieat to Uui t'un^iiH, which j*t 
reganhsd jui a sort of panuti^ t( the 
Uiit ftmjfuai MippUm iti* mymtliioft t^ th<j lichen by 
whicli fch<* latter in ermhled U> fmrfiiit oi* tine urfjfMi of 



Thi* AlUiittlivtt thory WUH k* 

' t 
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siderable time. It is now almost rompl r*lly abandoned, 
and recent researches, made with thn view of isolating 
tlw al^a and fungus which woro supposed to co-oxist 
in the lichen, tend more anil mow to show that the 
lichen in an independent plant, and not merely an 
association of two plants of distinct families, nlyus and 



Krrors of tlin same, "kind nmy occur in thi study 
of microbes, which, from tluur ininut<i Hixt* their 
unicellular nutitru, tho rapi'liiy of ilu-ir growth, the 
variety of their Imhilul, and ih< ^r'itt 
of their ibrni, arc still mow dHIioult to 
than Jichoiw. Of thiw wo. will ^ivt? Hiuu 

of Jsjttttthrls luwvnlw t llohin 
Htodyin^ thn <l^vi>lopTiu*nt of 
'u*, wtatc'd that I his micro! MT> iirst appr<ar in 
tlie form of a inujroftocniH ; thru of n inoviny lumtiiriuiu, 
ruHpnthlhiK 11* tcrtiw, Jl. Unwltnii, *tc M attd (innlty it 
forms the long iminovalilo rod (fawHltM)) which oounii* 
bwwtlh. Thus modi* of evolution, 
to l>o umifil in thw ^<^tc*m JittcilhtH imd 
i prohalJy UXAC'.^ and, witli omt> rcmurvti 
an to tho pccifie idcntiiy of tl ili(!V*nmt forms 
by Robin, mothu'n tnicro^niphwtH aru cUn- 
to neiiopt it. But Kobm go<m further: lift 
tlw anthrax bacillus UN wpwifically iflouilctal 
with Leptuthritt fauwiJi** Thn rwmit progti*HH of 
wcionco no longer permit** tut to allow fchm idmUty. 
We havo sceti that tlioro ar^ at taiy rato, two 
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species, quite distinct in their action upon men and 
animals. * 

Pulymorphlvjn of jtfoitMs. The comparatively 
oarly researches of Hallicr and others k*nd to ahow 
that the fungi of moulds display conmdemblo poly- 
inorphiRin, m as to completely overthrow the classi- 
fication of thcsu cryptogams. Theno rcsearohas have 
hiwn recently resumed by Cocai'dast, who 
it proved that all the moulds found in 
liquids which havo been nllownd to firm<*nt and in 
pharmat^uiti^al extracts b^Ionjjf to onrs an<l tho name 
KpcoittH, wliieh is highly polymorphic, and which ho 
t-c-niw tho IVnirilHwn formont UoeardaM itHHoiiH that 
ho hiiH HMti thin INmir.illium funnnnt JWIMH through 
tho following Htirict^Hivn iiia^ss : Oorpuwulnr (J/wo* 
haciiu'ifliati (/fftctov'^m, Jttwithw), scoo^lairian 

or SHMtflwt), mihinor^od hypluo 
chaplctn, or cfhains), fVucliforrntH filamoiiU (cn 
HpottfM), thn wluiln oonHtifcutinjj tho algous phriHu of tho 
cryptogam which (liwitw out tho Hurfiwo ofnynip, 

Tliw fungoid phawo tluni bcglnM. Tho snvdlmgs 
formed on tho nurfaco of tho liqtiid ly tho 
HJ>OIUM bud ; Umso hiuln becomo elon^at<^ 
and riuiiHInri, oDtmtitu Uwg tho itKritil irtycdhim on 
which tht> *ti: : rial fnietiflcatirma aro dovolopody which 
can only form outmdo the HqnuL 

Thaso fnictifications 1 although all iwHuing from the 
same myewllum, may pnmni oithor thii form of &peiv 
gillua, of ruucor, or of poniciliium, according to the 
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nature of the spores on the Fructiferous hyjiha. In 
other words, thu characters \\hieh havu lieeu hitherto 
considered as proper to the three genera, *l^^r///7///, 
-I/Wo/ 1 , and Pfliiit'ilHutn, th^nwhos types of lhnt 
very dbtinet faiuilioM, are found either simultaneously, 
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tion, an Corarda* stales thai, he has seen them, united 
ami bonm by a single hyplia, iwjjnilied *r> diameters, 
Each form of J*ct<n'ifl'*iub be.lonj*.4 to a special 
rhan^o in tin* syrup. In nyrup vvhirh 1ms 1/K-omo 
turbid, thtj ferment is in tho oorpiiM'idfir or bac- 
teridinn stj*;o; when the syrup in ropy, it Is in tin? 
floo^lairian or lilnmenUtiH Ktn^c; when it lias* turne-l 
Hour, it i in ill** wta^e of aiptatio fructifiefttiria ; 
finally, when Ihn nyrup IK luouldy, it in m tho wtaye 
of a ; rial fmrjkififathm. 

Htahw that ho haw olwrvod tliw really 
pnlyinorphism while making UNO of the 
ordinary jirtHUiulionH for nvertinjj g r<>HM orrora Not- 
withHtAndin^ iiuftn of tho nutuii kind, which have bwsn 
put forvrant provinuHly, notahly by HallUar, Uit which 
aro fwqupntly c'ont t m*Hted by itioro accurate, rewtmreh* 
it may b ankeil whetln^r thin m not m!w!y a pheno- 
iiutnon of otHiftiMicm, analn^nm to that wliidi was 
rightly or wroi^ly wippo^sd to oxtwt in tho C4isi5 of 
Jiehttna Frenh n^earche^ nmdo with greater pn^ 
cmiou in Mturf)taucl liquitlit, mid aoe<>uiittnuul by 
mofit nrii]uk>iu pmmutumH, am 
flwsto m l>o civflnlUvcty oom^p 
o/ JfV^//i o/ A* 

, at any rat<> in 
noted l>y Umwita in 
of $ww (ringworm), wWch w0 
naitto of 
thai Ai^^^d^M of 
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worm, Writifioplij/tontonBurttnt* of cirhmato herpes, and 
Alwimporon farfiw of varioyatud pifcyria^in, nr only 
different forms of emu and the satnit parasite, of which 
lio has mado a KiicccHhful culture on ^ulathw, repro- 
ducing ita BU<!ceHHivc appwiranms. 

Grawitss, liowcver, #H*H further than laany micro- 
graph ist will consent to iullow him. lit* ass^rU that 
all the fun^i of tho huumu .skin ro only tnuiH- 
}>lantt'd /onus, nioditii^l Iy tho iiUMlitin^ ot" Oiilhitft, 
IrtHis, tlu> white mould fniind on milk, Itr^ad, paste, 
(*H > oic. 

, sixain, Ofolttiiii atlriwti#i the runx i|H '* thninh, 
w< luave wtid, spi'ciiitvilly identical with ftV^- 
f/MHlt'i'itut, or flowers of wiiu^ a frnwut 
which IH dov<'lop( b <i on thn hiirlkcn oi* liquids which 
are amd uu<i contain little rn^ir. This niunb not bo 
couftmtulod with Mi/i'titlr'twitt, tnrf! t n true Iwfttttriutn,, 
eaunin^ the ac*id fenatmtation of wine and Iw^in 

Ht.i 11 more recently, in 18HJJ, Malcohu JMorrm and 
(L 0. licndt^rHon have ntated that hi an artificial 
culture of peptunixwl ^elatino at the <4'tnpnraturo of 
from 15 to S!0", HponuH of 7V/<?/ff>/*/r//^m ttmitomtM wore 
developed, forming rarniited liyptmt which wwo after* 
wardn cov<red with fmetHiciition^ rcm;mtjling thono of 



injected Bpm-OH of PttnktiHiitM and A^^jlllm into 
the vancttlar syfstmu of rnhlats, with tin.; view of 
demonstrating their LatnHforjuiation intu l^u-.teria. He 
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thus obtained the formation of wnwill motastutie 
in the kidneys, I'wr, Inn^s, etc- The spores 
forth hyphsu \vhwh \vt*iv. abb to produce im- 
pcriVcb orxaiw of fructification, but failed to effect 
the formation of fr*'sh Kpoivrt. (jaif'ky, Ko(ih ( ami 
Leber n'jH'ubMl UUNSI? <ixjKr"n^nts, and wbowtul that 
tlu^ awlirnaMxaf iou of any kind of mould in tin- 
intf'rior of tin? syHti'ia WUH impossibly wlmUvnr mio'ht 
btj tin* mimi or ISH seriouH KthioitH produced by tlu; 
inlroduciinu of foroi^u Ixjilias into the blood of a 
warm-blooded uuiuml, 

wtwil In fathnwtoi*!/ /fa/wr! Mdntti % tA<s 
A//7/ AfiHnw of Dlifrwtti Mki>ulm> WH 
whouhl im the more (nuttioiiH about Aflcopt/mjj; the real 
or* nppjin'Hl polymorphism tit (ujrtain tnicrobttM, Mince 
tlm most Nt'TupulotiH pn^unUon do not alwayw 
ctttid in p*v venting eoufunbiu Of thi Klein 
the folhnntt^ inKluiuv^. 

While ho WHH Mttidying the inicro>^ of anthrax iu 
Ills labomtoiy at the Urovvn IiiHtitution^ one of hin 
wan niudying canine dtHternpur in an adjoining 
Thin frttiiid hyieted Urn blood of a dog affitctod 
by dihtetujmr into a gttitiuirpi^ vein**, atiti wa*i 
priHed to we Iho aninutl dia two <lay later with 
thrj wympttmm of anthrax, and to diHeovo 
wtUkwMi* iu it*i blood. Yet hi> hiwi made tibii Injoe- 
tion wiU* a perfectly turn hyporlentnic wyringe ; white 
Klein, for hiw own iujectum**, hiul made exeluBive tino 
of piptrlkH drawn to a point iu the flame of 
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In this caw, ifc must be asHUim'd tlwt< thn bacilli awl 
Hporos of anthrax: had settled un Klt'in's clothes, luH 
Npivd to th* table and floor of the ntwuitl cabinet, 
ami had pansod thoneo on to ilio guiui k iii-i>ijj'H hair 
at the inoiuont of thn (xpnriuu'iit. 

Amfch(T operator, who inonulatcMl a ^iiinoa-pix' 
with human tulwivhw, wrk<*d at tho NUIIJM tahlo .s 
that on which KU?in p^rlonurrl IIIH i*x|crimi k ntH on 
anthrax. Two of th<* ^tiinoa-pi^s <lii>fl \\ith IhwlUiiN 
itut.IiMwxin fhn bloinl Y( i t tin* ]ipi*itfH in use ha* 1 
alwayn bci'ii rrpuintcd in the iiiv, laid all tho, 
Ks Iwul IHIUII thoroughly hoatiMl before 



In anoMntr cis, on tho contrary, a 

with nn atb k iumtiii culture of 
*, of wh ifh the clRtct cotiUI nnt, lyta iaiat, 
at iho end ofsonm vw.kn, and nil its 
to honffnct^d ly Urn bwnlli *f tulH*r<s 
On committing hln tiaLi^ Klein foinid thnt on UK* 
rbiy Ii hnd pi*ifoniMwI oxp^riini'iifn on tufowukr 
inati^r in iho minti laboratory, but h* had alwayn 



wan produced in a aubbit whk*h dmd> not 
of anMirax;, with whiwh h WJIH ^iippn^fd t<* hav* 
ituxiulatifflt bnfc of gnnuml tubinruIoniH* Tin* i 
iaiin^ it(|uid had olmrly 
It i pnitnl)io that 
of mwt wni 
*uie<% 
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that h hail proihwil anthrax. But an IIP. had per- 
formed ninwrons <*x|nrinn'nls on anthras in tho saia^ 
laboratory, It is prnhahli* that his <tulturt's of tin; iiu*at 
bacillus wH-t? impmv, and that Im had really inundated 
with J?. autJtrtw!*. Tlu-, tnuisforiuation <f thehaoilluH 
of incai* iutu that of anthrax is thcrdoro nt yi't> 



VM*/v//>f. -This is another iiiHtrtiufo of an 
litalu?, owin^r tt> which iho Jequirifcy 
^rti HUpjMwd t<> bo iransfonntMl from a 
twivly wpfcio inio a patho^atH; inicrobo, Thin sub- 
iwnfcly hnport^l fnuii Itulia, in oxtraried from 
tLs *f Abw* jwwtttu'iHH, on of tho k^iun 
A ft?vv flnrjiM of tlm infiiHion of UMSHW 
tr> thu f'yij pwiluwj eonjuiwtivUiw, whivli in 
tiul in oni^-r to I 4 (lisct tlws cliNnpp<jarancii 
of the ^nitntii's (//m7w///u) l*y whit*h th<* iuntn* 
of UHI ^yi'liriH in Hnni^iimcH altbct^d la India, 
Hium* H<)tiifl IM ut'<l t<> kill oafctlo by ftnimp 
with tiit obj<'(*t of Nkinnin^ Utniti. 

VVhuu Kattl?r ii(tic!fl Unit an inlunion rf jc>i|uirUy 
full of tuovif># bmnlli in a f^w Itounv w** 

ft** mtUiti** of an infasion of bay 
B0} Iw iiiiiito etilturtm of thin twtHiufc, t4 
by Afir IKIUIM wricmit opliibfttutJn hi tfto 
mbbitA At tho KJUIM; iinu) lu> ascertumod that this 
microbe w## ImnuirRH wlit<u Hunting in tho air, aiul 
itw pallu^wie pro^rti*m wim wly cllwpkyml 
it was eultivaU-d in mi InfuHiutt of 
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In spite of this, Rattler ascribes the putho^nic action 
of this substance to the microbe. 

Klein rqwati'd his expevimontH with proat care, 
and \vas successful in solving fhomntradietions which 
appeared to msult front SiiUb'r'H researches. Ho 
proved that tin* bacillus of JHjuirHy, inkni by itwOf, 
could no more |u'()iluc(, k an inf(di<rUH ophihabnia ihati 
meal Iiauillns conM prothict 1 mtihrnx. 
prinriplc of jnjuirity is a ch*'iitH'Hl fu 
analogous to p4tpsiai% ami iiiil<'|H ( r r^h'nt of 
nny mu'nfhi*, mid its assuincfl barilluM probably 
not diilVr HH'cififall from Ihwllln* 



info a patho^nu! ini(rohr i,^ tlierrforo tint yet 
l, nn<l all known iacl-H outntli(!t thn possibility 
*>f Hwh a 



Jwl to fli'fliM', ntoro pn^'isoly Mum bufont, UH 
w fc pti tnirrtfbcH and piitho^Httc ntictnilxr^ which ftfw 
in current ase in baeterioh>xy 

Tho tiri ^mtptic*' IH applied to UK* tnlerobf^ or 
baeti-ria whieh ^eneriilly tivit in d^(unpoHii^ organic 
matter nn<i in iUul bodli'H, Thewe mierohe^ or thir 
, nro inund in tho air, In water, or tito HM! in 
month and intoHtinal canal of a healthy man or 
animal; but they aro <h?velopHfl in greater numbetw 
when tho ttHHiii'H arr 1 * dead or in i* illhiwt condition, 
and ttlaoin pnn, In thf* bronchial Hrwi'iirmof pttlmouiury 
catarrli, on thu Hurlaco of iuU^tiimi uiccmlion, eta 
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Such are BavteritiM tvi*nio and litwilltw Hiibtilitt, tho 
microbes of putrefaction, those of the nwt'at of feet, 
etc*, of which wo have spokun above; such, a^ain, is 
the bacillus of liUchncrV* meat infusion, that of &attler's 
jtupirity, and finally, Gniwibz'8 Amwryillvm, mentioned 
in thin chapter. 

TInwo various imf.rohfw, inoculated or inji;ctc*<l intt> 
blood, may indM*il produce fliHbrt*nt rlinordorrt, which 
in Homo citsi'H always remain local (ofrfo//wA) ; in others 
arc liinitiid to nictastatic centres uwiystcd im various 
organn flm livwr, kidncyw, lunys, etc.; or, again, they 
may prodiictn;!. ^unwal infection of thu blood, an iu tho 
K4sptic>inia prodiieod by J)jiv;tiuu wlusn ho inoeulatod 
rabbitn with tlw lluid (*f putrid Uwf. Tlicjso rabbitn 
dintl within two days, and thuir blood waw found to 
bu full of Jlitfiftii*httitk /f.'j*//wx Tho wuuo naHult htis boon 
oblautiid by IVikur and Kooh p by inonily inoculating 
gumou-pl#* and iulc<j with a little putrid earth or 
wafcor, in whirh MID Haiau organinm was ovicl^tttly 
l>ut m no cann a diHeani) with dtnUuot clut- 
wiw* produced by thi8 mtuinH y with poeial 
Hytn[>toni.s, opid^utic or cntita^Iou.H, analogous to those 
of crywiiH/ln^! imthmx, tuburcjtiloMlH, or vliolunk 1 
th(i imtats of ttfjtcriitwttUt!, ^///c<;//(^ since 
disotisoH <]f> not hxisfc In nature. 

On the otlwr hand, those microbes lire termed 
pathogenic which alwayw ehaiifceteriw by thoir 
a H[Kiniai d'lH^juso, tipidrjiuic or conta^iouw, and 
and lewioiia, whether 
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inicmho subsists in th blood, th< hirur pnrt of 
nryaiM, or iwivly on the surfiur of* tin* digest Ivo 
Su<*h an* tins nuurohtw of anthrax, of tuhi*r<Milusis, and 
of cholrra, natural cliwftfws which ar** not nmdiicwl ly 
tJiti ^xp^rimrmtH of num. Up to this iiiii" a ncpthj 
init'tHl)u IIUH not l(un prmvtl to IM tran.%!onn'tl info a 
truly iatho^^ui(*, tnirroiM% und <'Miis<pit*utiy a tim- 
]l't*ly new ilis k aHP, c'liaraciiM^x'''! ly the dcvi'iopiuont, 
of this inicrolM* in thu Inxly oT IUJHI or nniitiiil, has 
not IwM'n ci''a*(Ml 

It must niso ] rviiwirlvnl -niul thi,< pvrtilutrity is 
to both (*!USMM of inii'roln^ that curtain 
ju'odutM* very dillrrriit *lU'fU, 
into wlnHii UiMli\s ilu*y an* i 

cartnot Ui iriorMilntiMl with th* 
ia of raMUs uud tniw ; anl 
unit KwiiMi dnplay IIIMIV or li*a r^nbiiniiiM^ h> Un* 
inoeulatiou <f anthrax, finally, tlii^r* 1 am www ia 
vvltic.h iho jLtt^mpt ti> iiHHUttaU' an atiitaat \vith a 
iori'ly pro*hu*i^ a s'piu***iiia 
must not bo. eotifouuoVil with it Thin mmlt 
will iut astonUh Uiow who kmw that wmiw Hp?mi^ 
of pknt.H, poiwrrtuiUM tf loan, cum l< ili*u with iiu* 
pituity by umuy atiiuinU Hut it h well t<^ kwp 
thin fac^t in niind ia lat#>mtonr*ti, vvh^n th^ atknupt 
is made i<> iu^cuUtc aulitiak of various 
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TIIKOHV <:UMI J AIIFJ> WITH OTHKH 
PUT KOIIWAUI) TO BRITAIN THE 



OltmiX OF CoNTAUlorH DlSKAHKH. 



TUB pnmMitta tljf<oi*y of dwast^ in fur from 
Kuncmll^ itlctj>trOil liy inndical iium; at thin vury titnn 
tlu* Uiiwiry iHiic'tivdy op|wMu<i liy niDilu^al praHltitamrH 
of hi#h HtaniHi% wht* nrw atlvo<jatiw of UH^ fclM',iry of 
tltn i i malt* character ofMtHcfasi^, In ihoir f>piinon v th) 
4H.si*aMO in H[HmtrtiiinmHly <liivi*lcjH.d in the* patient, ui*, 
ad any mU% undor ttto iiilliKm<M of a contagion of 
whirlt tho niitcire in fcill unknown. Tlu, k yconmdwthat 
iL iw only a mjowiary (jotnplicHiion when microhm 
iouud in tini 1)mnl, mtti that UH*M<? miembos are 
tho muHi of ilm rll^MHi^ nur wn tl 

o vibit')n nf c*orttagif)ti. In 
iiiin Un?ory iw Jn their <*yon a jmrdy giuttufcous 



Atimitting with t!u>m that tlto micrubinn theory 
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only an hypothesis, list UB compare it with other hypo- 
thecs "which have ben proposed to explain tins 
virulent and contagious nature of certain diKeawH. 
ThiH comparison may throw wmw li#hl on tin* question 
tit IHHUO, 

Tim value of an hypothesis must be osfiniaicd by 
tho number and SnipDrfanco <if th fc fiufts of whidi it 
aHnrdw a clinr, pniclsc!, ami really sc/ipntilK*. rxphinaU<)n ; 
it must also he, (>,st.iumt<Ml Ity UH inlhirnn 1 n the 
ailvanor* of s*iinru. AV? will tlu^rolori" ciunniTiiio tho 
priiu'ipal tht'orifs whidi havn bfU'iipropustMl io (explain 
th< origin of virulent and i'tmLa^iouH disrasr^ withcut 
tho int k ,rvuntion ofiiiic.rohfH. 

Jtitbhi'H Thnn'jf of .M/r^rw//. ~ Althdtixh, aw far an 
we nrtuiwurn, Iloliin lui,s not, rH'cntly published any* 
tiling with nMivwM* to hin ttpiniou of llm vnluo of tho 
inin;bian theory, HOH of hin pupiln haw KP*. forth th*s 
tlwH>ry of ItlaHtnnia an it W,M sUitcd hy tlioir uutNb^r in 
baokn pulilishnl from t^tti t^> twenty yearn a#o. 

In Jtobiri'n opinion, no cell in bom From anoili^r 
rfll, in tho form of a bud, an i*j$J <^r a hpon\ IFn- 
ly fch<T<* IH no Hpontani*(ntN yi^ifration, at tlw 
of d(*nu*ntK of tsxcluHtv<4y iiuirxank) origin j 
hut thin ^i*nr^mtion or gf^i^HiH orwsurn *very day fc tlin 
uxpimHQ of an organis5*d nulmtanm wbu*h in Hvinjf, 
but fluid and amorphous, anl whioli bin HH 
othr prt^c^xiHtont cell*. Thin llttlil U 

by Kt*lin* Blawtema in tlw nurptnn of tM 
nutritive yubntance, organised by the ct-lU and exuded 
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from them. New tvllH may be eomplotely formed at 
the expenses of this blastema, without having their 
Bouree, in one cell moro than in another. According; 
to Ilobin's theory, tho pus- corpuscles, which are a new 
mention, arcs produced in tins way: they result from 
the, exudation of a fluid which issuns from all tho 
organs, and arc not produced by tho anlnr^ment, 
reproduction, and budding of pro-existent cellK, an it 
Is staled in other theories, and notably in those of 
fcjflhiir and Cohithf.Sin. 

When tills is cHtahlishc'd/it follows that all difwases 
have tboir origin in a chemical or physiological 
<! ultimo in the blastema, "which at otus time produ<m 
normal ^*,lln, adapt <ul to rrplaco thoHft which die from 
natural daray, and at another engmd^rH rlinnasod 
whir^h nro dan^'niUH, either owln# tf> tlusir too 
number, &H in H<rpticcnuia, or from their pec'.uliarimturo, 
HH in luhwltuunl enneer. Hero w will (ptoto Jiubin'B 
words: **Th aius*^ of morbid (ItHtitrbancB arinas from 
thft dian^ts winch t<ik plac*. in tho <juantity and 
naturo of tho imimtcHato conHtituentH of tho actual 
Hufmtianco of Uto tinHiinw and wBruttunH, Tlww 
mako thn tluvc'lopniotit of minuto wpoms 
multiplicatiurt of tni<(roHCopic plants m a Bcconclary 
; not thw nrjimt title cauH winch actually 
it* Tho prv^cmeo of tho vq^tobte parasite 
a eomplfctation wlticli lutH been miHtakon for 
(Jlfaf&lm wttuwM* 
p. 
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These words worn written more than thirty years 
#>, niul it may bo asked whether the iinmcnM pro- 
gress which -science has made siww that date* has not 
somewhat iiiodituKi tins author's opinions, Joussefe 
dn Jlellcsuie is HCareely entitled to takf ili^M* vttmls 
and parnphrHNO thriu as folhnvs:- '"Thu niicfrolx', 
where it ivally exists, is only a w(*oiidury ph< 4 
uomenon, *m<l iL would not i j tot* intK-h to niy that 
INI frrsh elt'iuMifc ha,s intrrvriHMl, iith t r in siruill-pox, 
Hcnrlal.inji,, or tuli^nMihu* rlisi-as^; in NiU'.h cnwh lhi i r<* 
is only au ^xa^i-rntion and reproduction <*f normal 
'Icincnts, vUtich, tidlnnK;<*d }>y wholly <>l*M*nrn fn- 
difcions, urn i*V(]vw! in an alio^Hhi'r iirniHiutt iniinnor.' 1 ' 
Thu (Ic'flnition *fivw\ hy Juithsrt ilc, iti'ilrmu^ in not 
that (if ttuntjivfious flisi'jtH^H, hut cf tluwn which an* 
r,omlniM*d umliT thn jfi*n*nrt ninnn rf cane**!*. If h 
to doiiiparu thrs** <ti^ ( n.si^ with twtnwr, ^uriti a 
in impossible It in well known that 
IH not ceontn^ion;^ and thin fiw*t alono places a 
'fcwi^n these two kinds of (liMense. CVn^jf m 
not only not confcaj(touH nor in it eonveywl by htoculft* 
tion, but it is only hereditary in aiiout a i!tti of 

on this otlur hruiil t a 
it in produe^fl by 

aiui it may be rtf*t flown ,*u< heredUnry in 
ont of t(;n, 

JouNKvb do IMlrwmftf theory, 
tirtliiitg, and heaven the 

it tlirovvH wu light >n 
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the precis points winch it is essential to explain. 
But wo imiHt return to Robin's theory. When ho 
states that tho microbe is only developed In tissues 
which are already chan^-d, Robin is not so far from 
the paniHitic theory as bin pupils represent him to 
he. It nmtturH little that the microbe may be only 
a complication, a Hecondiiry phenomenon, if thia 
secondary phenomenon dominates the whole disease 
and invests it with its dangerous character, its con- 
tagioiiH and virulent nature. In the case of a viper's 
bite, it it* not the bite from the animaVB teeth which 
ia dan^t^roiiH, but the introduction of the venom 
which fltiww from thorn ; that is, the secondary 
ph(!n(HiH*nun. And it in the name with an anatomical 
puncture* 

Two tnnn in mmilar rireutnfitancQ are attacked by 
pnwurwma; fclie (imt will ni>vr with euno becauHe 
Im i only thirty yearn old, while the other ia almont 
ci^rUln to (lift bnwiwe he m 8W0nty-fivo, but we hcwld 
not ttiorcfort) aay that bo diud of old age, and that the 
wa) only a secondary phanouiuiion. 
and the phylloxera have attacked the 
French vine^yardB which are oxhunHUul by oxco^ive 
cultival/iori, but it will not thoreforo be denied that 
UM^C 4m two dangerous diMc^iHen ; nor should we my 
Umt th^y am nottrnttay phcoicimmuk It In tJiontfom 
ovirlint that l^obfn'i Uioory, a* it ift dt Ibrih by 
biH (liHCipktH, who have rf^suHcitatod atatetiiBnU mado 
twenty or thirty yuan* ago, iy no longer on a level 

' ' '' , ' V ' 
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*vvith tho present state of w*ioiw, and in in no 
applicable to virulonfc and contagious diM'nwN. 

jf of CharHon KitHtnn^ <nvl ////* Mtttftwh JFW- 

of kit* St'twol,. -ThiM thoory, hold by tho most 
nrdcnt opponents of thf Ht-hoo! of Tyndall nml Pantmir, 
m sot forth in tho writings of Luwm ati^l Lionel 
It flcarccrty diffrns from Uio ono \vo hnvo just 
Li^wm th inks it vt^ry rvMi'iit that thu pnsotK*H of 
iuicro]>)jyfcft of tho II(KH! IM only a nmwdary jlu'no- 

; that tho change iti tlui fluidM of th* body in 



bw rliHC<;vtOTiK Thin IH plainly Itobw'rt (hoory.* 

in fttill mtro absohitts and oxcluHivivf Ho 
rHnlid patlic*t(*s of vrMHiin*an*not bacteria 
nor irtHirooowi, but hin^ln^ or formulated nlf^nonU 
which bavw Ihnir Hourtit* irt th^ Hviny; MilmUnco of th< 
cow, and thoni* bioplfiHtH cot^titut^ thn e<K*!tivo con- 
ta*flon of all virulent (iiHiiuHitH, BrnpIn^ 

purtidtjH of tho living MutatanfM of th^ 
by tho dimuuwi. Tho cMmti^idn m a 
and each pnci(^s of contagious laoplasma inaniiV,sf itn 
peculiar npocific aefcion, and that only. We oumt 
it to othim to admire, and paraphm-* Uim 
jargon, which wumm inb'nchffl U> toko IIH 
agt^H lnuik. Wo munt, tmwovor, olmorvn tltat Uial^ f w 
theory IH Homowhat allied to amihfu^ irweh rnort* 
and compbto^ of which wo havt now to 
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Tit nor j/ nf Miwmyma. According to 
thin theory, dls k as<>H aro not duo to a fluid blastema 
which iw elmugiMl in cliHnnw*, but to an organized and 
solid blastema, msfmblm^ the eonstitwmts of the 
blood, and consisting of very mi mi to parti cliu* of living 
matter, which aro v/i/^/'ory/^r^ Theno arc tho elemen- 
tary jjranuh'H which inaylwsetjn under tlw niieroH^ap^ 
in tho <M*1I and in nil Iho fluutfl of the orjjanimn. 
Tho Tuyarossyina,, nd not the c< k lln in which thoy am 
eneyrtU'd, arn thn r<*al a# k nf,H of all the fimctionH of 
tho organ "win, By the soon-lion of a fluid termed 
or foment, by which thoy aro constantly 
(both lu^othcr cotHtifcutinjj what is called 
; tlu'wc* iai(roj5yma offfot thn various trans- 
liirfi lmv> for thwr iiual object tho nutri- 
tion of Urn or^aninto, Virulent and eontn^irwH diBeanes 
an* not pwdtuwd by parimU^fH cotuinK ft'fun witlicnit 
btt by thn tnicro/.ytua thtan^tlvoM, owii}<[ to a pwver- 
Hion of tlioir noruutl fun^tioim. lit mu?h ftttHtw ttu*y 
fiuaitiUt a vtttaiiwl sywwiWi and aro tratiMforriu^l into 
inSeriM*oeei antl badww, which it w an wror to rfgatsi 
?i forri^m bottitm^ Kiucvt tlwy am only tlw nmnlb of tho 
form of mieroKyma pre-isxiwtinjf in our tiwwxi 
It uiuntnlso bfi wxld that thtW! inicro/yma arc hit* 
Tho ct4!.s of our organism dio and am 
t bub tho liucrtmyma which thoy fcontitm aro 
only iwf*<*c*i.t^4 with other ftttantxyiKut in otdcjr to 



tton into mittoW prtxluccH putrid fortuonbattou, and 
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their axiHk'iice IH prolnngwl far Iwynml that of the 
urganiHius of whicli they temporarily formed part, 
TluiH tho ttiicroxyma of chalk, whi<h doubtless havu 
tlioir aource in the animal and vt^t'tablo tisHtum of 
that epoch, arc still living aflr a ivprmu of many 
thousand centuries, and may bo tmnHfonwd into 
tjActoria If Auppliud with tin 1 fitting ntitritivo liquid, 
as B/'champ haw dctnonntmted. 

Thin k undonhtodly a vi'ry attrantivc theory, 
which w*mld explain a IftrjpT inuulii^r of facto tlian 
fcho th* k ori provionHly KbihMl, yet it h impoxNtbhi to 
uakf) it agree with Homo of UHMD factn, whHo thy 
arw readily oxplainml l*y fclu* paranititt thcorjr, Simh t 
for bxutnpit), an* tho phonomonon of putrefuetion, and 
tho lieitdilH of LiMtorVi drwin*jf and <f (Ju*?rinV pro* 
ii^tivit method applied to wound*. 

Kohin, in hin thuory of hlaH^ma, alno Mtatrul that 
jttiinsfivetioii took pltuje without ttio intervention of 
any oxtiirnal Hguttk 

It iH f liowcvor* now known that whn ilwl )KKlio 
im* protdotocl frcn air^g^rtim, tlwy do nofc ptitmfy, bfc 
Itfcomo nmmmba Such is Um <'UHO with tho 
which have be*w pm^rvncl for many cnjiturit 
crypt of ono of tht* eltim4tijn In Uord^utx, ami 
without any antm^ptic preparation, have 

into tho ntate of nMtmna^a Many underground 
and c;avcrriM, hi wluclt iho air la dry &nd 
tho toutpernturo iiLvnriahU\ pn^ent cnnditiorm favour- 
able to wuch trariBfurumtlori, duubtlusw boctfttuwi (tilt 
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situation in unfavourable to tlio life of the lower 
plants. 

The thwry of nricroxy wa exjilainn the tranRirimsirm 
of diHBRHttH by tlw or^ani^ed Jtlwnonts of tho virus, 
while the filtw.d liquid of the same virus in nnin- 
{uriouA, arid in this rt*Nj<et it in more in accordance 
with facts than tin? thcwy of bluntiiina; but it docw 
not explain tho offset of the exeluHion or sifting of 
the air by (lutfrin'H (ItifHHtn^ nor that of carbolic acid 
in Llstcr' drcHwrijjf, In fact, if tlw> virulent micro^yma 
arc in tho pationt'n body, arid liavo no external source, 
it is (lifli<'ult io understand of what une this proccnB 
ean IMS. It m ^vld^nt that tho cr;tton wool, which only 
arrwtfi the mild parfciclcm of tlio air whilo admitting 
the air Itnelf, Hfiunt not by warding off something 
KUHpeaded iu tho air, and tho inattm* in 
can only bu or^Hiti^l tK^dit^ or air*gnn^ 

Theory of PbflHatnM, Special alkaloidn 
wore diMwovomd by Pan urn in pun and by Bulmi and 
T In putrofymjj itt,tt<sr (^tomatnen), ami par- 
of tttf) theory of non-organt^od viru aptH^l to 
AH a ta*t r<^ourcf\ It 1m* been supposed that 
}>tfinnirnoM or toJtte alkaloids wer 
of putrefi^ium^ or ntwbUl ohangim which wem 

ptwtiicmt in th^ tiHHUcm ami tfukta of the 
i! without aty ftxtornat mtorvrintlpft !of mtdMVoik 
Thta a jpH^ri IttM.doiw not realty 4iff**r Imm 
af bWtunm/ I,f it i WJ^tt^l^ all ' 

Kattler^ jcquirity bocilluB, which 
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oortainly HV*H and IH d^velopd in fch< toxic juice of 
the fictulu of Abrtw prwtilt*rtn#i 1ml* which, as Kh?hi 
haH nhown, han no influent on tlui artHunal eonjunc- 
tivitiB produced by the aid of this liquid. 

ThiK thoory of ptomaines without tnicrolms in, 
however, iuwmMHttnb with an impartial nludy of faittn. 
It in trui* that a suifcahU* liltration will m^parato thc^ 
ptrniiaYun from its mictroln! ; hut Uw convert*, an in 
tli i casf <;f tin* jrqairiiy liijuid. Is imjKKsiblt). When 
this mU'robi in wparati'd from tho ori^iiml liquid, 
and tramfem'd t< tlu* infusion* of Kiwvj'HHivu cutturi^, 
so as to purify it tVoiu wry Fortri^n element, it 
ttontintif^H to produ<M k itn characti-riHtiti {tlitiimYni), wlitah 
in ttumttfiKtituiMl c(rtitplotf)ly at thi nx|N h nw of fch 
ctitlturo liquid, OH Poitciii^'H nuint i^xp^riititmtri on tho 
ptouuifnn of nholera havu Hhuwn. Thisw in no ptcmutfmt 
without ito M|Mcial minrolic, any mow* than tln*ri IH 
i'r*jptiu<! without Clamwy* iHtrjiuwM* or 
without Mjftwh'MrtM /v/i, 

ewftirAft Thwrif i$ the only utw 
all / f ad!A~Tlt niierotwm Uitory in tho only 
whi^'h m not obli^l to have nscwurHC to tho vj(tt) 
with whkh mtiriicnud wiw foruwrly content 
to ux plain tlio euntngi'm of dH^*mi?s and which till 
Hfttinih^ JouHHint Ue Itulicmtno, wlutu IKS {H^k of thu 
wholly olwcuro eondltion which ac&omp&ny tho i>rt>- 
(1 action of thoHO diHuam!8. All tho ^.vpn^ioim of 
mbMinalAt virtui, effluvia, ^ whidh w<ro in tu#> twmty 
years e^o to deniguato that unknown agency 
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constitutor contagion, couM only be defined by having 
recom'Hij to tlw term " catalytic action," which merely 
placed the solution of this problem another stup back, 
and wibntitutod one unknown thing for another.* The 
paramtitt thuory will have dono much for Hgi&nco if it 
only Jt.'livoi'H UH from " imoHiuata/' "eflluvia," and, 
aliovu nil, " catalytic action. " As soon as it had boon 
shown that miasmata and effluvia, an well aft viruH,wurG 
only air-gurms that i, rnicroben and thair spores a 
brilliant light wat* thrown cm all pathology, of which 
tint bun'jfitH may (H nutaHuntd by tho groat work accom- 
in ih is direction within tlie last ten yearn. 

Thin theory has givou UH Clutjriu'B protective troat- 
of wuntidn, Lintor'n antinoptic drawing, and 
I*iihtiur'H now vacciind and thoso threo great di*- 
covoriim are onough to runder th<j hypothci immortal, 
r,vnt jylinlttinjj; that it is only an hypothesw, Tho 
advt^rno tlmoriuH, whnn opposwl to the microbian 
tbiH>ry, wu how UH rio prttgroiw wtfeetod m aebnce, 
and ilitH Huttkm to cottdonin tltcm, 

M<*ntovin\ fcho mierobian tiioory m no longer in 
ttm jt nut i the ntngo in whidt it can bo regarded OH 
a i turn hypotlu^iH, ginco it hftn DuU^rod the domain 
of [Kmitivc facto. Before an infVciiouH dimjane can bo 
tltio to th^ pi'owncu of a H|Hjeifio 



|futtvi in UailtM l>y JU.iu hiu^lf. ftao ftlst) the w(ml 
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it is indispensable to submit it to the tost of the four 
following rulon, which havo been clearly establish od 
by Koch : 

1. The microbe in question nwt havo Jwcm found 
either in the blood or tiwwoH of the man or animal 
which hoB dial of tho diHooHc. 

2. Tho microbe taken from thin medium (the 
Wood or tiswuoH, whicli^vpr it may U i ), and artificially 
cultivated out of lh animal's body, munt bo trnrw- 
funvd from culturo to culture for Movoral 
gtMi^rationN, Uikinjj; th pn*r*autionH 

provont the introduction of any otlur microbe into 
thHO cultuiw, wo w to obtain tltn KiHtPifio mi(*rob<\ 
pun> frrmi ovory kind of inatit^r pr<^i*tulirig fmiu tlut 
lKly of tho animal wlwuco ifc originally mntn. 

3. Tim mierobo, thun purilinl by HUBM**! va culiunw, 
and rointroilunKl into thii body of a lictaltJiy aninml 
oapablo of tnkin^ thf* (JiHtmHi*, oti^ht to r^profhifn tbo 

!n f]u'Hi;,ii>n in that animal with 
Hymptonw and lo.sionH, 

4. Finally^ it tnunt Ixi fiH^trtain^d that tha 

in q tuition hail multipliud in tho sysivni of tho animal 
than iiioculat(j(l, and that ii nxbtH in grmtor 
than in tlio inoculating li{uitl. 

TlioNo four conditioiig &m nwa*try end 
unit In tho prummfc wtota of nc'lonc^ tlwy may to 
an fultillmi m a eorimJ)mbk rnunUr of 
in anthrax, fowl ehokm wlim fov@r t 
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in Asiatic cholnra. These are undoubtedly microbe 
difioasos in every senae of the term, 

Tho opponibion which the mierobian theory 
encounter** in pathology iw not now, and need not 
Miirpricut UR. In all ai^a m<?dicinr* ban elun# to Its old 
tradition**, and ban been unwilling to renounce tho 
habit of iwfpirdinyj diwotm a,s sonwtliing 1 myHtcriouH, 
junt a in tho timeH of aneimt magic, of which our 
modern oorB and ftorccsrem are a relic, Tho parasitic 
theory in too Mituplu and natural to be aecoptod without 
a 8trug<b, but iis earlier aclnov< i inentH are a good 
oitiun for the future. We need ncareely reminrl our 
riMMl^nt that at tho beginning- of thm century tho 
pamitic theory of iteh encountere<l tlu* aine opposi- 
tion, yot no phynieian now doubts that 8*wwptoi 
Hcait'wi in tho Bolo eaune of tho disease, Bomewhat 
later t towards tho middlo of the century, when thn 

of npocial wierophyta waw afuu'ertained in 
Hkin-clwftawH, th imtMirtaneo of thin discovery 
danlttd.; yet fow phynioianB will now dUputo 
that thtmo microphyta are the ehiof, or rather the 
Hoin caiiHtJ of them dmoaHOH, 

Ho, ngair*! in wtlimx, whm wo observe tho b!cK>d 
and ail the organs fitted with bacty^rid 
(inthmci*), it can hardly bo donkd that thm 
iit OKHontialiy parnsitic, Since thoso iMietoridia 
living teiikgw which grow, are reproduced, and 
with great wrgy, it rruint bo aflmittcd that tbmr 

coiibtliutoB an immediate danger, o^pecudly 



298 MICUOHKP, PKIIMKNT8, AND 



it IH known that thoy elaborate, at tho expense 
of the organism, a violent poison (ptoinaYnc*), which 
pewtratoH wherever the, hac'teriflia eannot find their 
way. It can hardly lus wtW that in thin cann the 
bactcridia are only a "secondary phenomenon ;" that 
IH, an unimportant complication which tfivuw no cause 
for unEiaHtwsH, 

What we. hdhs hero naid of nnihrax alno ap|lu^ 
tt> othT iliH^asitH: to diphihoria, wniall-pox, und intiT- 
fnviir, Wi^vmtun* It) fty that if our itistru- 
wtjro not Kuflicinniiy powerful to <*nal*U* UH ti> 
s<<3 ilm orjjauiHftiH which catum UMW^ disoasi^, n*aHon 
alone* would oblijjo us to adtpil their exisUmee, from 
our ^etjenil kuowlitd^n of tlto enuHtt and nature ot 
a f ^Tlm won! "wmtajfion 1 " iinplirtK 
and the miupltcit.y of tlm theory #ive& it 
values and pertuitH UH to regard it an th*j expn;^ion 
of actual fartn, 

After thin, it in unimportant to know whether tiro 
niicroho IB iiwtlf tho crmtti^ifm f or only itK vehiele; if 
tt actw by itnelf, or only by thn proiJuctirm (;f 
if tlwm k a Hpeciile m'u;roho for eadi kind of 
or if tbiH microhii IK HUMfttptihlii of tran^fomi^tion, Jik*> 
tthi*r living things aeoortiing to tho imlum of tlw 
imulium in which it in tuHirinhwl Tlu^j ar^ mwnul*wy 
, of which thu futum wilt <lonUltti^ afford thu 
i, hut which rlo not aflecb tht princi[li> of tho 
That Ihuory in only jnt cmtiibiSNtidi j 
oach clay Iringi a fmnli ntotio to (1m (uJifict^ but wo 
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must not yet expect it to In* complete in all its parts, 
The advance of aew'WM* may modify its details, but it 
may be asserted that tint foundation itself will rmain, 
8in(*, it relios on the simple aud natural interpretation 
of 
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OF HTCROUKH: VAftimOtfS IN DENOMINATION 



INT ctmKtMjuurwfl of tho pulymotiituHm of microbes* the 
terminology fnnployod by diffwcnt authors IB very unatabb. 
Wo hiivi) given tho CHtjiblinhcd morphological clarification 
which i wtill wowt. gtrnmlly umwl, but wo nmwi hure add 
M>rui r^ttiufkn wlitch will nuikts ii moto tniny to nndorntand 
thts wt>rkH rudtmtly puhlinhrul on microbes, nueh an J/^K 
by (/ornii and BabtsH, and Mwrn-organttHtns and 
V)y Klriu, 
Wo mualftmt nof tlt t<nilfncytoolimitiain tha imuiiiH 

^mm/mnd Vibrio. 

atul Dnt^ givti tho tiamo Bactuna, which is tho 
titlo tf thnif work, t<> the wholes group of ftwrfwifWMi Ot* 
niicrobrts htrif*tly HO <aih i (l, trgartied an a iliHtmcit 
Thf y havh <'.onH( i qnhiitly bcnn Ird to HUp|irMi the 

t,rtit in ordftr io avoid (joiifnHtnu; and njtonfc of t 
foriitprly aHHi^ni^il to Iho itfimtin Ilmttirfam a 
by tln-m AH Jlttmllu^ whether tho ittdivkluftl 
or* whorl, mobile or fftaiionfiiy* In tho 
of tho microUm of huinan dU&atof, wo have 
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to tins nomenclature, which appears to IK? adopt wl by 
liifliolo^istH, so as not to overload tlw H.vnonyrny of 
rniorobos, which is already flnmi'whtit enrnmbi'ml, It is 
probable, moreover, that this HH*dn illation is comnt, 
and that most bacilli p*iH through a phano in nliirh they 
arc *diorfc mid mobile, bcforo Incoming ulongatrd mid 
Klatinimry. On thu oLhrr band, wrtain typ*s of tin* cld 
^ontiH /Rtfr/f'T/^/rtt-- for iuiHtarioi*, iilKf bnoiti'iu tn thi* form of 
an 8 -Bhimld tthor Iw aHHijjnHl tr^ tlu* ^eiaiH AlirrfirwtwN, 
or tr> tho new ^-t^iuH J^'plttrn^nn. 

With rcwpcrt to tho ^tnuH Vlbri^ it gprntH to havo 
orijrirjnlly only a Homi*whii,t hotiropwoitn collection, 
both iliu chuitus and r k lin|lriNof rnirrorontu or of 
n^tm'in^and thcs ntrirtly tiiiiwllnlur orpfstnimrin which 
bo nHt^iicJtl fco tlw* KI-MHH S///ViH//w, 
t'Vttr, ri*worv*w thiH pfcnns for Ytlrit* rw/;M//i anil 

Tho gcniiH Miflrtwwi'H* (Hallior) i?i aim* irTi< i d by 
(Vihn, Kphi;ruhartrfmMi nrul thfHti two tmmi'H ni*n now 
givfu to tho only nniwlltilttr tnicmbm wturh ;tri murd 
4tr aval, Rfuiionury, and t-fui^cqurriMy dm'oiri of <*iliurn or 
{|nglhari t tho organ of piMpubifm. 

rnierotrocoi ny bo in tln form of chuinx or 
^ni&i), dtuub-bcllH (KU*in) t tlu> (i^ttri* 8 
f BUI roth), grotipw of ftmr, nnd CKgliif^M or tit 
of grmtrnr nimtbpnk 

Tho gfttnn Jfafiforinm (MltwAatifariumt Oohtt) 
from tho forc^ctng 1 , Aft Kit-in Niuii^ rhtt'fly in thn oval or 
(*ylintlrir:il form of itti ccll^tuul htill rrmro by tho 
uf a eiliutn, or flagdlura at one ^xtnnnity, wlueh 
HpontaufouH mrmmiont. Tb(y may t ItftH H.^ninc iho 
of a ftpoft#<Kmke and of a dumb- bull whon tlt^y dividr* in 
two^ and may alwo form nhort e-hairm or ^ooghx*B. A w> 
htwo already naid, moat of tltfjfKi ot-gantHmH ur4j 
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by Oorwl to tho #onns Itwillui ; at any rato, in tho case 
of ortfiinimnH pmiliar to human disciiHCB. 

The geniM Bacillus according to KIdn ( )?a?moto6- 
farium, Culm), include microbe ia tho form r>f mora or 
elongated rcwla, ^hih divide by flH-ion into stwiight, 
or xi^n^wi chains, formed of olmpntH crenr.rally 
in confcurt hy their qan k -cut efl#e, and whult may bo 

4*loii#Afwl in the form of faptrrflirw. 
! of tltRHC) when iftoliitrcl or in uhort clmiriK, po- 
ft fln^ullum at one extremity, and art* ctoimeqnently 
mobilo Biu*h in the CRRO with ttaslllm subtilis and most 
r>t the baetlli of putrefaction-*- but they lone tliiB 
of movtunout on passing into the state of 
Itarilhm (inthwrifa i always wtationary, and devoid of 
fl(tgc*lliim. Th foot that them i in tlu'H ^ennn a vibratory 
oilium, and conHi'quaiitly rnotitm, brctaks down tho bnrrif*r 
tho ^onora llafhrriiwi and B^Mtu^ aad con- 
jiiMHIloH OorniI*K vit>w. 

Tim ^fitt^m ftpirilhtm, (tf > frirolwi$rriuW' 9 Oohn,) and 
aro much more ran\ and hare not givon rise 
to Ut<* namo variatinim in nnwotiHatnro. 

Wo coudhtdo by rcprotlutnng tho olaK^ifi^ation of 
liabonhontt and KHU?#i>, a** it in givon by (lorntl and 
fl t in ordor to wrvo HK a oonvonitmt snlnnrio far ill** 
bacteria in whiuh we am Hpocially iutorosfccd- 
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CLASSIFICATION OF RAIIKNHOIWT AND 
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TO CHAPTER TH. (|. Wl). 

mX'MMKArflM OAlWJSJj NT JiACl'KHIA. 

The pVi'HMuw* of pu ram tic bwtoria htm bfcm recently 
>oiut'd out fiH th raiiHci of dm&aHux in plnntn, la 2880, 
liwil, of Illinoifi, U,N,, ha duclnml the 8hriveJlin# of 
HVWH to In* di to bactorirun whiwh atiaokw fruii*tree, 
,ml i*f which ho Miicotimled in making an artificial culinro. 
it IHHji, tho jtittudfatt of hyacinth bulb* wft nwcrlbofl by 
Y;il;kor t ot AtuHti^nUitit, to tho (lovolopuiont of a tmoU^riuni 
tho liiyoiw, which wmy finally dontroy tho plant* 
18H\ Lub dt Andnwlo Corvo pruKwntecl a 
) Aoiiilumy <f Hcutntot^ in which ho afiserfeod 
Imt tho vinc^dmt^iiMo amnnlnul t<> Mtytttwra V(t#tftfH, in 
/ally duo t< a htufilluH, or mthor, atu>Hling tt> hm clo- 
tri[tiou, to u hjtrt^ritini, which in ftlwuyn found in tho 
ihitrttlii* of thu rmiicliiH ami in tho tinnuos rf tliu vino 
hi<*h ar itlfcctud hy thm tliMcuiMu, UtrmMi by him 
Vlu*y w-n* n|go found in th<i Iwnly of ilio 
thH hoormittH Himply the apfenfc of frimtiwion. 
ftUu<i* \Vktor in JHHJi, not Iluml in lHHO t w^ tho 
f o point otii tho pff'Honiio o{ niHiroht,^ ht tho 
of plaritx AH i^xiHy nw tho yoar 1860, 
flio pnwen(n> of MiwtMtfmti) that IK^ Imcforla, in tho 
pHi* t^l plantn {(JumylM nm fa* rft* 
vwl. litviii, p. 
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APPENDIX TO CHAI'TKIt TV. (p. US). 

01? THE MlOttOUK OF 



Dticlnux dfoR the following Fact In his 
el ifrtfarfu'K ;-~- '* If a fowl in incwulntiMl with it fow drop* 
from a oult.uro of fowl cholera, thin bird nickimw mut cJien; 
but if the li'jinil has bt^rn tilit-rrd hof'^'n nsinj; i[, t tl^ron^h 
|luNf.i*r or porous r:himt, ihi* tlismKO jroilu*'rd JM ioi fi,mi 
(tlfrJora. Tlio bird rcII hiiuHrlf n|> niml full^ infn 
h<*p f from whi<h liu in rnttNi'd by thf? Hli',fh*<rM* 

"AfU" a fiiw h<ni f 's hiw rf!*'ovci*y In cnrnptalu, 
Ihoru m two kindn of Mytn|il.otitH in fowl irhoI'M**, of 
tlio mcMt p|m.nnit m tltio tr>i* *H'**hH of 

(t by 
not in 
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o? amm#u KvnirrHiv.j to 
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tmplk^ that iho i^t^r h><jttl potir tutu the 
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into I'viK'uatitm pip^H of Ltin newer l>y bpucual Hyphens, and 
h<lp to lluHh thvin. Thin Hy#t<m IIUH born applied to the 
Hoirl 1* Villt 1 , to thu m-w (juartln 1 baivaukfj, to certain 
nitmhrr of primary H'lioolci, find to nuuiy privuiu 
Th municipal uiljiiini^fmtifin t)rf>[i^'t k s tf> apply 
Hy,sifm to inojHi of tho Kdimolrt, ho^pituiH, and burnhsks, of 
whif*h tin 1 >>.'iiiit?i*y nuidition is wft prison fc far from 0ntlH- 
r*n'**'y, Thcy I*'PM i virtually to tmt<*nd tho muo ttystorn 
to nil private IIMUM*^, s r > aH t *lo away wi'h fchct uitBBpoolH 
H ivfnnn wln'udy tiTi'oU*d iu many foi*tug clticn, and 
Mutably ht (i 



F. 
API'HNDIX TO OltAITKK V, (p, 172) 

tU1M Of 



wir*r IWHUUI^ from the nifrin Jiiiwur of tht* oiiy 
Ififiuii into Wio Hnint piuily into tlu* jlaiu 
hy . yi^m of imp,U<m, for 



mlgttt W Ktttamtnil wii fctrtiUitlnHf maii^n tort fcH 
>b 
I** 



In 

C.JMtoi 1 JUWw^' 
Lkrnmifiu ' 



0, 
APPKN1HX TO rilAPTKH V, fp. 17'J). 



WV ImvffmM tlint nurnmiiiM lijirUtriit wcM w ihf* <li |<*s- 
fivr * -nun.! of a HUUI in 'jfwxl hfulf h, flwi'tifc r0K**nrclif^ l>y 
, IMflit-f, nnl Mriin'tjiioliif h*nl in xhow ihwt Mn" 
>H mv nu< only itmoxintiK, httt tl,i. ihoy play nn 
r*iivt> part in ptHtric (ii^f^tiou, nnrl ^prr'wlU ni tint 
tmiiAtniitation nf alhmniriH inio pf|>tnu^, Sinro tliryrin^ 
in fuel, Hviti^ frrntculrt. tin* intnsinufntion lt\ ri'ljmlwl. if 



iy tnantrf}ir{.nr{' 

PjiHthiir*** 4stjifrimi-<K alxo h i J tn t. 
aid ihf ^i;nuin;if Ion of ftlnitta, IF fiir t 
in v*'tr^fvi>l(' tnoutfi aw vriilidmwn from iJ, vvtt 

any i-ithur !toriHtit.uint., ;;i*t*mimiti'm JM rHnnl*t*J f anil 
i'd with flilftrulty, 



IT, 
APPKJTIHX TO (SIIAPTKU V, fp, 2M.) 



fbh offrm profliu ^ in iluwj wfm 

wJtii?h may ov/n inr] in 
AttP<>p, of Kharkov^ hun n^ftnt!y 
atifl itfttwihtift tliotn tt> a ptofna-iuo m?m>tmj by a trtttr 
or pt*rlm|VH ovolvrwi from ihe Qnfi iiwdf during lif^, 
th<* morbid rnfttusn<H> r>{ thiw 
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